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by
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ABSTRACT

The major goal of this dissertation was to examine migration and its impacts on
health through use of dental morphological and paleopathological data. The case study is
the Southwest United States between A.D. 1200-1400s. The second chapter, written with
Corey Ragsdale, Biological Distance and the Fate of the Gallina in the American
Southwest, examines where the Gallina people may have gone upon abandoning their
homes in the late A.D. 1200s. We used dental data for 492 individuals and mean measure
of divergence (biodistance) analysis to examine several hypotheses regarding where the
Gallina went. We find that the Gallina may have moved to the Middle Rio Grande region,
settling near Albuquerque, New Mexico. The third chapter, Indicators of Stress and their
association with Frailty in the Pre-contact Southwestern United States, uses KaplanMeier Survival analysis to examine differential mortality risks in the entire sample of
people with pathological data recorded (335 individuals). It shows that cribra orbitalia
likely has a different etiology from porotic hyperostosis. Cribra orbitalia appears to
vi

develop in cases of more severe systemic disturbance. Further, the results demonstrate
that there are different survival outcomes for individuals with active, healed or no skeletal
lesions (PH, CO, or infection). These results indicate that individuals with active lesions
are comparatively frailer than individuals with healed or no lesions. The fourth chapter,
Frailty and Stress in People who Move: A View from the Southwestern United States,
demonstrates that phenetically-inferred migrants are no different from the host-group in
terms of health indicators (LEH, CO, PH, and infection). The 36 individuals identified as
phenetically-inferred migrants are less frail (Kaplan-Meier survival analysis) than
individuals identified as host-group. This dissertation research adds to a growing body of
literature that addresses hidden heterogeneity in risks, frailty, and the Osteological
Paradox. It demonstrates that hidden heterogeneity has different layers, and different
lesions do not equally impact mortality risk. Further, this research demonstrates that
individuals who are likely from elsewhere can be identified through nonmetric dental
traits. The methods used here could likely be applied to skeletal nonmetric and metric
data as well.
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Chapter 1.

Introduction

Human history is characterized by population movement, yet relatively little is
known about how migration impacts the individuals moving and those already residing in
the areas to which they move. In the northern U.S. Southwest, Ancestral Puebloans used
mobility as a coping mechanism to deal with factors including disease, violence and
warfare, resource depletion and climatic downturn (Glowacki 2015; Kohler et al. 2010;
Kuckelman 2010, 2016; Kuckelman et al. 2000; Varien 2010). How these movements
benefited migrants or had unanticipated impacts on their health and safety is unknown. In
modern populations, people may migrate for a number of reasons including economics,
marriage, education, threats of violence, imprisonment, and war (Lori and Boyle 2015).
Migration can be examined using a push-pull model, where a stimulus such as a poor
economy or the threat of violence pushes a person or group from their homeland, while
positive factors, such as job opportunities or lack of violence pull them to a new place
(Anthony 1990).
Today, individual and group movements are spurred by a variety of factors, but
for many, the decision to leave is out of their control (Harper and Raman 2008). Factors
known to have pushed groups to move include: the promise of better opportunities
elsewhere, population and environmental changes, subsistence stress (health, nutrition,
1

disease), pressure from in-migrations of other groups, conflict, and ideology (Castles et
al. 2013; Cordell et al. 2007; Glowacki 2015; Kuckelman 2010; Nelson and Schachner
2002; Ortman 2010; Wright 2010). In contemporary society, migrants and refugees are
often met with apprehension, fear and negativity (Esses et al. 1998; Fouratt 2014). This
fear of outsiders is often justified by implying that migrants are unclean, including the
“danger” of migrants spreading contagious diseases and other maladies (Green et al.
2010; Harper and Raman 2008; Markel and Stern 1999, 2002; Yew 1980). Markel and
Stern (1999:1314) call the use of threats to public health one of the “most insidious and
powerful rationales for restricting immigration.” The need to keep the public safe extends
beyond health, however, with refugees and migrants often portrayed as dangerous
criminals and deviants (Fouratt 2014) and/or unwilling to assimilate into their host
culture (Lucassen et al. 2010; Markel and Stern 1999), or threatening the values of the
society they are entering (Lucassen et al. 2010; Markel and Stern 1999).
An understanding of migration and its impacts on health in the past can inform
our knowledge of migration’s impacts on health in contemporary society. First, we can
assume that past migrants moved for reasons similar to that of today’s migrants (threats
of violence, war, persecution, environmental downturn). Second, it is possible that health
trends observed in migrants today also existed and are observable in the past. If this is the
case, it could provide insights into mechanisms affecting migrant health today.
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Southwest Chronology and Climate

This dissertation focuses on migration in the pre-contact U.S. Southwest (USSW)
during the Coalition (PII, 1150-1325 AD) to Classic periods (PIV, 1325-1550 AD).This
time span was one of demographic upheaval, population movements and social change,
making it an ideal period to examine the impacts of movement on health.
The chronology (Table 1.1) of the Pueblo Southwest can be divided into three (or
four) time periods: Developmental (Pueblo I and Pueblo II), Coalition (Pueblo III), and
Classic (Pueblo IV). This dissertation will rely on the Rio Grande Classification
throughout.
Table 1.1 Chronology for the Southwest used in this research.
RIO GRANDE
PECOS
DATES
CLASSIFICATION
CLASSIFICATION
600 - 1150 C.E.
DEVELOPMENTAL PI and PII
PERIOD
1150-1325 C.E.
COALITION
PIII
PERIOD
1325-1550 C.E.
CLASSIC PERIOD
PIV

REFERENCE
Snead (2017)
Snead (2017)
Snead (2017)

Climate and Physiogeography
The Greater Southwest has been defined as extending from Durango, Colorado to
Durango, Mexico and Las Vegas, New Mexico to Las Vegas, Nevada (Cordell and
McBrinn 2016). The United States Southwest/Mexican Northwest Culture area includes:
Arizona, New Mexico, Colorado, Utah, and Chihuahua and Sonora, Mexico (Cordell and
McBrinn 2016). The Southwest encompasses a wide range of topography including:
basins (Sonoran Desert), sparse woodland mesas (Colorado Plateaus), higher-elevation,
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and forested mountains (Central Arizona, New Mexico, Chihuahua) (Cordell and
McBrinn 2016). The individuals included in all studies (excluding Chapter 2) inhabited
the Basin and Range and Colorado Plateau physiogeographic provinces of the US
Southwest, so I will refer to the USSW because it does not include any sites in the
Mexican Northwest.
The USSW is an arid environment. In New Mexico and Arizona most rain falls
between July and September (Sheppard et al. 2002). These rains provide up to half of the
annual precipitation, but much of the rainfall evaporates before it can penetrate the
ground. The secondary rainfall maximum occurs between November and March,
providing roughly 30% of rainfall; this rainfall is important because it comes mainly in
the form of precipitation (Barry and Chorley 1992; Sheppard et al. 2002). Here, the
winter climate is primarily impacted by westerly storm tracks over the Pacific Ocean,
when the storms shift tracks, rains increase, El Niño years result in relatively wet winters
and La Niña results in relatively dry winters (Sheppard et al. 2002).
Subsistence was based on maize, bean and squash cultivation (Stodder and Martin
1992), supplemented by hunting and gathering (Cordell and McBrinn 2016; Stodder and
Martin 1992). Cultivated maize is dependent on winter rains in order to germinate and
summer rains (monsoons) to allow for its continued growth (Benson et al. 2007). In
addition to supplementing farming through other methods, people also moved to better
locations, through use of social networks, when times became too difficult to sustain life
in one place (Cordell and McBrinn 2016).
Changes in climate and environment are commonly associated with migrations,
changing demographic patterns, and cultural changes in the region (Cordell et al. 2007;
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Dean et al. 1985; Zubrow 1974). During the Coalition period, there was regional depopulation of the Four Corners area and evidence for population aggregation into larger
sites. This depopulation has often been attributed to the “Great Drought”, which occurred
from around AD 1276 to 1299, as recorded through dendroclimatology (Schlanger and
Wilshusen 1993); the argument for the drought being the sole reason for this
abandonment is likely too simplistic. Some areas in the Four Corners region likely were
buffered from the Great Drought’s impacts and would have continued to be productive
during the drought (Benson et al. 2007). Additionally, other droughts of intensity equal to
the Great Drought occurred during other time periods when there were no large-scale
migrations (Benson et al. 2007). Recently, archaeologists have examined other factors
(Hill et al. 2010; Ingram 2018; Kintigh and Ingram 2018; Kohler et al. 2010) in this
abandonment, including population density, human impacts on environment, and social
organization.

Case Study

The case study for this research is less about a place and more about a time
period: the late AD 1200s to 1400s in the USSW (See Table 1.1 for chronology). This
time period is characterized by demographic upheaval in much of the northern USSW,
with abandonments of the Four Corners region and population increases throughout the
Northern Rio Grande region (NRG) (Boyer et al. 2010; Crown et al. 1996; Fowles 2004;
Kohler et al. 2010; Lipe 1995, 2010; Ortman 2010; Schachner 2015; Varien 2010).
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Evidence for immigration into the NRG includes: population declines in the northern San
Juan region and subsequent population growth in the NRG; changes in site size and
architecture (Crown et al. 1996; Hill et al. 2010; Ortman 2010, 2012; Schillaci and
Lakatos 2016); and shifts in ceramic practice (Roney 1995, 1996). My study sample is
dominated by sites in the NRG and Middle Rio Grande (MRG) regions, but Mogollon,
Rio Abajo, and Totah district sites are also included to better characterize migration.
In the late AD 1200s, the Four Corners area went from having one of the highest
population densities in the USSW to being entirely abandoned by sedentary peoples
(Cordell 1995; Glowacki 2010; Lipe 1995; Schachner 2015; Varien 2010). Potential
causes for this abandonment include disease, violence and warfare, resource depletion
and climatic downturn (Kohler et al. 2010; Kuckelman 2010, 2016; Kuckelman et al.
2000; Varien 2010). Researchers debate where these people went upon leaving (Cordell
1995; Ortman 2010), however, the general consensus is that at least some of these
migrants settled in the NRG (Boyer et al. 2010; Cordell 1995). A re-examination of
population growth in the Tewa Basin suggests that there was a boom from the mid to late
AD 1200s, and that some of this growth was due to migration into the region (Schillaci
and Lakatos 2016).

Migration in Pueblo Society
Movement has been identified as a fundamental theme of Puebloan life by
archaeologists and ethnographers (Schachner 2012; Snead 2008) and is recorded in the
oral traditions of the Pueblo people (Bernardini 2016; Jolie 2018; Kuwanwisiwma 2002;
Naranjo 1995, 2008; Schachner 2012). For Ancestral and contemporary Puebloans:
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“without movement, there is no life” (Naranjo 1995:250). Pueblo origin stories detail the
emergence of the people and their subsequent migrations (Silko 2013). Parsons
(1939:201) reports that several kachina rituals “consist largely of telling a migration
tale.” Ortiz (2012 [1969]:57) discusses this in further depth, recounting an origin story
told by Tewa elders: “In the beginning we were one people. Then we divided into
Summer and Winter people; in the end we came together as we are today.” Many Pueblo
groups who reside along the Rio Grande refer to a “White House” as their point of
emergence, with some identifying its location as being in southern Colorado (Ellis 1967).
It is possible that the White House is Mesa Verde, although there are not enough
archaeological sites at Mesa Verde to account for the number of groups who call this
place their historical home (Cordell 1995; Lekson and Cameron 1995). Lekson and
Cameron (1995) suggest that White House refers to Chaco Canyon. Regardless of where
the White House is, migration stories live on in Pueblo oral traditions.
In the USSW people would have moved for several reasons: to escape violence
and or environmental stresses, for marriage, and through forced movement (captive
taking). Demographic and other stresses in the pre-contact USSW were dealt with
through migration and population aggregation (Adams 1991; Clark et al. 2013; Crown
1994). In the case of group migrations, Puebloan oral histories recorded by Ellis (1967)
indicate that villages may have split when they moved. Orayvi is an example of this,
(Levy 1992). When large groups moved into areas already occupied, they likely had to
splinter into smaller groups to join multiple “ongoing” communities (Cordell 1995).
People who move due to distress (environmental downturn, conflict) often attempt to
assimilate or merge into their host group (Harrod and Martin 2013; Kothari 2002).
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In addition to movement being used an adaptive response to change, Puebloan
peoples also moved for the purposes of marriage (Fowles 2011). The ethnohistoric record
shows that people of Western Pueblos had a matrilocal residence pattern (Eggan 1950);
in the Eastern Pueblos, patrilineal inheritance was common, with women often joining
the moiety of the husband (Fowles 2005:27). Tewa Pueblos are reported to have been
largely endogamous with bilateral households (Dozier 1960; Hawley 1937). This system
consists of a “nuclear-type” household, which can be extended to include relatives of the
husband and wife (Dozier 1964). In this system, the newly married couple can choose the
village and moiety to which they would like to belong, and they move to either the
husband or wife’s village, depending on their decision (Dozier 1960, 1964).
A third type of movement identified in the USSW is captive taking. Here, the
targets of forced movement were most likely women and children (Cameron 2013;
Martin 2008a). In North and South America, captive women were taken from less
powerful groups from areas just outside of the boundaries of usual wife exchange
(Cameron 2013:222; DeBoer 2008). An influx of women to Grasshopper Pueblo in
Arizona has been attributed to forced movement. Evidence for migration at this site
comes from demographic analyses, isotopic data (Ezzo and Price 2002), biodistance
estimated from dental non-metrics (McClelland 2003), and archaeological
reconstructions (Lowell 2007, 2010). Lowell (2007, 2010) proposes an immigration of
Ancestral Puebloan women and children, “war refugees” fleeing violence in the San Juan
Basin, based on evidence of female dominated burials, violent deaths of more women
than men, and material culture alterations. Baustian and colleagues (2012) propose that
some of the outsiders at Grasshopper are actually captives taken in raids.
8

Migration in the U.S. Southwest: Demographic and Material Evidence
Evidence for migrations in the USSW includes demographic changes, shifts in
material culture, and shifts in burial practices. One of the best-documented instances of
migration occurred in the Point of Pines area and was documented by Haury (1958) using
multiple lines of evidence. By comparison, an issue for some researchers is the seeming
lack of clear-cut evidence of migration comparable to the strong archaeological evidence
for migration at Point of Pines (Haury 1958).
Evidence for migration in New Mexico largely comes from demographic changes
and new settlements. For example, in west-central New Mexico, multiple new settlements
appear in previously un-occupied zones, likely due to population influx in the mid AD
1200s (Schachner 2012:3,6).
Some sites experienced increases in size in the late AD 1200s that are difficult to
attribute to intrinsic growth. For instance, Pot Creek, outside of Taos, NM, experienced
an increase in population “greater than anticipated by internal population growth” during
the AD 1270s and early AD 1300s (Crown 1991:307). This growth is best explained by
immigration and integration of the two groups (migrant and host) sometime in the early
1300s (Crown 1991:307). It also appears that local communities moved into larger
aggregated pueblos, but in some areas, “initial occupation occurs in an aggregated form”,
indicating that already aggregated communities moved in as a group from elsewhere
(Crown et al. 1996:201). Some sites were built rapidly and at a scale to house large
populations. For instance, after AD 1250-1300, the Chama district experienced growth
until around AD 1350 with several large pueblos constructed in a short period of time
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(Crown et al. 1996). While these population changes occurred at the same time that the
San Juan Basin was abandoned, Boyer et al. (2010) contend that the depopulation of the
San Juan Basin and the subsequent population growth in the NRG are not necessarily
related.
Other researchers suggest that there is material evidence that indicates presence of
immigrants from the Mesa Verde area in the NRG. Mathien (2004:109) discusses a kiva
remodeled in the Mesa-Verde style at LA 4997 (Salt Bush Pueblo) in Bandelier National
Monument, dating to AD 1175-1250. The Guadalupe Ruin may represent a site-unit
intrusion in the NRG following Mesa Verde migrations in the late AD 1200s (Lipe 2010;
Pippin 1987). The site includes numerous artifacts, architectural and agricultural features
common in the Mesa Verde region, including: bowls and mugs decorated in the Mesa
Verde Black-on-white style, the use of turkeys, San Juan region-style kivas, and site
layout reminiscent of San Juan region sites (Lipe 2010; Pippin 1987:199). Pippin (1987)
notes that other sites that appear to have Mesa Verdean occupations have been found in
Chaco Canyon and Chacra Mesa (east of Chaco Canyon).
Other evidence for migration from North to South comes from Pinnacle Ruin and
Gallinas Springs in the Rio Abajo district: two sites that have Magdalena Black-on-white
pottery in relatively high concentrations (Laumbach 2006). These have been interpreted
as “post-Mesa Verde towns”, established by migrants from the Mesa Verde Region
(Lekson et al. 2002).
Following the depopulation of the Mesa Verde area, large aggregated settlements
also appear in the MRG; these are sometimes attributed to immigration from other areas
in the USSW (Nelson and Habicht-Mauche 2006). These include Kuaua, a 1,700-room
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pueblo north of Albuquerque and Pottery Mound, to the south of Albuquerque, NM
(Cordell and McBrinn 2016). These sites are characterized by the presence of glaze ware
ceramics and unique kiva murals (Cordell and McBrinn 2016). The areas that began
producing glaze wares are suggested to have become hosts for migrants from regions that
were depopulated elsewhere in the Southwest (Habicht-Mauche 2006).
Smaller migrant groups have also been reported at Kuaua, Pottery Mound and
Hummingbird Pueblo. In the case of Kuaua, it has been postulated that a group of
migrants from the Mogollon moved there and assimilated into the host group in the
middle to late A.D. 1300s (Dutton 1963). Migrants from the Western Pueblos are also
reportedly evident at Pottery Mound and Hummingbird Pueblo. At Pottery Mound, kiva
murals, Sikyatki style ceramics, as well as locally-made Pottery Mound polychromes
with Hopi-style motifs indicate the presence of individuals from the West (Crotty 2007;
Schaafsma 2007).
Another group who resided in the NRG, the Gallina, also permanently abandoned
their homeland around AD 1300. The Gallina likely moved southwards, into the Middle
Rio Grande (O’Donnell and Ragsdale 2017), although oral history suggests they were
massacred (Roberts 1996). For the Gallina and Mesa Verde people, some researchers
have suggested that leaving was necessary, at least in part to escape violence (Billman et
al. 2000; Blumenthal 1940; Chase 1976a, 1978; Darling 1999; Kuckelman 2010, 2016;
Kuckelman et al. 2000; Mackey and Green 1979; Stodder 1989; Turner 1993a). These
individuals could potentially be considered refugees, and this marginal status may explain
the lack of material evidence for their movement, e.g. Schillaci and Lakatos (2016).
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Population movements in other areas of the USSW, also occurred during this time
period. Mentioned briefly above, between AD 1250 and 1400, people from the Kayenta
and Tusayan areas migrated south from northern Arizona to many locations including
Point of Pines, AZ (Kayenta) and Homol’ovi, AZ (Tusayan) (Haury 1958; Lyons 2003).

Linguistic Evidence for Migration
Puebloans are linguistically diverse, and the spatial patterning of languages
spoken today are thought to provide evidence for past population movements. Languages
spoken include Hopi, Keresan, Zuni, and Towa, Tewa, and Tiwa, which belong to the
Kiowa-Tanoan language family (Schillaci and Wichmann 2016). The Kiowa-Tanoan
languages are related to languages spoken on the Great Plains (Cordell and McBrinn
2016). Both Piro and Tompiro were spoken at the time of Spanish contact; but are no
longer spoken in the USSW (Cordell and McBrinn 2016). Today, Zuni is the only village
where the Zuni language is spoken (Cordell and McBrinn 2016). Acoma and Laguna,
which lie to the east of Zuni, speak the same dialect of Keresan today; this dialect is
apparently unrelated to the other languages spoken (Cordell and McBrinn 2016).
Several hypotheses have been suggested to explain the origins of today’s
language patterns. Mera (1935) proposed that three waves of migration gave rise to
modern Puebloan language groups. He posited that the first wave was from the Gallina
region after AD 1260, causing the shift from mineral to organic paint in ceramics. He
placed the Gallina into the Tanoan language group. The second wave was that of the
Mesa Verde people into the NRG following the depopulation of the Mesa Verde region.
He placed these people into the Keres language group and linked them with Jemez and
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Galisteo black-on-white ceramics. Finally, Mera attributed the appearance of Glaze ware
pottery to a third wave of migrants.
Ford et al. (1972) posited that the Tewa and Towa shared a common history up
until around AD 700, after which the they became distinct archaeological groups.
Previous studies have provided evidence for the Tewa language originating in the Mesa
Verde region (Ortman 2009, 2010, 2012). This language was also spoken in the Galisteo
area (Wendorf 1954). Tewa speaking pueblos include Ohkay Owingeh (formerly San
Juan), Santa Clara, San Ildefonso, Nambe, Pojoaque, and Tesuque (Mithun 2001).
Tiwa can be split into two groups: 1) northern, located in the Taos district and
spoken at Taos and Picuris; 2) southern, located north and south of Albuquerque and
spoken at Sandia and Isleta Pueblos (Ford et al. 1972; Kroskrity 1993; Wendorf 1954).
Ford et al. (1972) agreed that the Tiwa language family originated in situ in the Rio
Grande Valley. Peckham posited that the language group Tiwa split as a result of the insitu development of the Tewa, which then subdivided the Tiwa into northern and
southern groups, but Ford and Schroeder posited that Tewa speakers moved into the area,
causing the divide. Reed (1950) argued that Tiwa speakers are the original inhabitants of
the Rio Grande.
The Pueblos are a linguistically diverse group; Cordell and McBrinn (2016) posit
that due to the diversity people were likely able to speak several different languages. As
the following section discusses, in the part of the Southwest that encompasses modernday Arizona, language correlates with biological distance; however, correlations between
language and biological distance in modern-day New Mexico are not strong. It appears
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that language may not have played a part in structuring biological relationships in this
area of the Southwest.

Biological Distance and Select Previous Studies

Biological Distance (biodistance) and Phenetics Defined
Many studies have used biological distance (biodistance) to assess migration,
population structure and biological affinity (Corruccini 1972, 1974, 1998; Irish 1993,
1998; Irish and Friedman 2010; Irish and Konigsberg 2007; Khudaverdyan 2013; Pilloud
and Larsen 2011; Ragsdale and Edgar 2015, 2016; Ragsdale et al. 2016; Seltzer 1944;
Turner and Irish 1987). Biological distance is a measure of similarity or dissimilarity
between and within groups who are separated by time and/or space (Buikstra et al. 1990;
Pietrusewsky 2014). Biological distance between groups can be viewed as reflective of
shared ancestry, and also genetic drift (change of allele frequencies in a population by
chance) and/or gene flow (migration) (Hanihara et al. 2008:284). Gene flow (and
migration) “definitionally involves the movement of people and genes” (Schillaci et al.
2001:134).
In this study, I use the word phenetic to refer to dental morphological data
(phenetic data) as well as to refer to individuals identified as outsiders in analyses
(phenetically-inferred migrants). The term ‘phenetic relationship’ was first used in 1960
(Cain and Harrison 1960) to mean “overall similarity based on all available characters” or
14

similarities based on morphological characteristics of organisms (Sneath 1976:437; Sokal
1986). In biodistance studies, an assumption is that phenetic similarity is a proxy for
genetic similarity (Irish 1993) or that genetic variation is reflected by morphological traits
(Hubbard et al. 2015).
As outlined by Stojanowski and Schillaci (2006:51), biodistance studies make
several additional assumptions: 1) genetic drift and gene flow impact allele frequencies in
and between groups that are close geographically; 2) populations are accurately
represented by samples of human skeletons from archaeological contexts that
accumulated over an extended period of time; 3) changes in allele frequencies are
measurable through skeletal (and dental) traits and can be quantified; and 4) phenotypic
variation is minimally impacted by environment. Biodistance Studies in the U.S.
Southwest
In the USSW/Mexican Northwest, biological distance and biological variation
have been of interest to generations of scholars (Birkby 1973, 1982; Byrd 2018; Durand
et al. 2010; El-Najjar 1978; Mackey 1977; O’Donnell and Ragsdale 2017; Schillaci and
Stojanowski 2002a, 2002b, 2003). Earlier works examining phenetic affinity in the
USSW did not necessarily focus on migration and potential routes of gene flow; instead
focusing on phenetic homo- or heterogeneity of the people (Hrdlička 1931; Seltzer 1944).
Reports of findings regarding this debate are often contradictory.
Hrdlička (1931) examined cranial shape variation among peoples from
geographically distinct areas and reported that Puebloan groups were heterogeneous. In
1944, Seltzer (1944) concluded, based on visual examination, that Puebloan groups were
biologically unified. Spuhler (1954) found the Pueblo to “diverge more within their own
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group than between”. Corruccini (1972) re-evaluated the question of whether Puebloan
peoples could be “lumped”; he concluded that there is enough variability amongst
Puebloans to indicate different statistical groups. El-Najjar (1978:156) came to a different
conclusion: the Puebloan peoples were “essentially an unbroken entity”, that there were
likely adaptive changes that had occurred, but they were “small in magnitude… and not
more than expected in contemporary peoples”. Shipman (1982) examined biological
affinity of the Arizona Western Pueblos (Turkey Creek, Grasshopper, Point of Pines, and
Kinishba), and came to the conclusion that the groups were phenetically homogeneous.
Turner (1993b) also described variability amongst groups in the Southwest while
at the same time reporting homogeneity among them. He tested several hypotheses for
population relationships including: 1) the correlation of language to biodistance and 2)
the genetic heterogeneity of the people of the USSW. He found evidence for genetic
continuity or homogeneity; but he was “nonetheless” able to divide the USSW into north
and south as well as separate sites from Mexico from those in Arizona and New Mexico.
Turner (1993b) reported a correlation between biodistance, geographic distance,
and culture history, with less correlation between biological distance and linguistic
patterning in the USSW. In contrast to this, Scott et al. (1983) found a correlation
between language (Uto-Aztecan) and dental biodistance in contemporary people in
Arizona; Uto-Aztecan speaking groups clustered together despite geographic distance,
(El-Najjar 1978; Mackey 1977; Schillaci and Stojanowski 2005). Hanna (1962), also in
Arizona, demonstrated a correlation between anthropometrics and relationships inferred
via linguistics in the USSW. Mackey (1980) examined whether there was a
linguistic/genetic correlation at sites in New Mexico (including several used in my study:
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Kuaua, Pottery Mound, Tijeras, and Pindi) and found none. He did find “remarkable
variability between villages” regarding phenetic affinity (Mackey 1980:179; Schillaci
2003; Schillaci and Stojanowski 2002a, 2002b, 2003, 2005).
Recent studies have assessed migration and potential routes that migrants would
have taken. Schillaci et al. (2001) examined phenetic relationships using cranial metrics
between Aztec Ruin (thought to be a Mesa Verde outlier, located in the Totah) and other
sites throughout New Mexico and Arizona. They found a close link between Aztec Ruin
and Hawikuh (a Zuni site, on the border of New Mexico and Arizona); the Aztec Ruin
group did not cluster with the sample representative of Mesa Verde. They also found
phenetic similarity between Aztec Ruin and later groups in the NRG and MRG, including
Sapawe, Pindi, Pecos and Arroyo Hondo. This was attributed to a genetic dispersal from
the SJB into the NRG. An alternate reason for the observed results would invoke a
common ancestor for Aztec Ruin and the Rio Grande sites. Aztec Ruin was also found to
likely have had a patrilocal residence pattern (i.e. women moved to the husband’s village)
(Schillaci and Stojanowski 2002a), which is consistent with the pattern described by
Ortiz (2012 [1969]) for the Tewa Pueblos in the NRG. Schillaci and Stojanowski (2005)
also examined pre-contact Tewa marriage patterns using craniometric data and found that
one pre-contact Tewa pueblo (Puye) was likely matrilocal. They reported less than
expected heterogeneity between Puye and Tsankawi, a finding consistent with
endogamous marriage patterns for these two Pueblos. Otowi, on the other hand, exhibited
greater than expected heterogeneity, indicating that endogamy was not the marital
practice here (Schillaci and Stojanowski 2005).
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Durand et al. (2010) examined two models for migration in the Middle San Juan
Region. The results of their biodistance analysis using dental nonmetric data lend
credence to a model for the movement of some elites from Chaco Canyon to Aztec Ruin;
they also lend support for the model of a Mesa Verde group moving southwards and into
New Mexico.
Ortman (2012) examined the origins of the Tewa-speaking Pueblos through use of
biodistance analyses of craniometric data, archaeological, and linguistic evidence. The
findings of this study indicate that the groups who migrated out of Mesa Verde are likely
ancestral to the Tewa populations of the northern Rio Grande region. He posits that
language and genes did not evolve together among the Tanoan language family pueblos
(Ortman 2012). The hypothesis that language and genes likely evolved separately is
supported by analyses conducted by Schillaci and Wichmann (2016:109). They suggested
that gene flow occurred across linguistic boundaries, and that “gene flow among pueblos
may have been mediated through a complex social network built on reciprocal exchange
of esoteric knowledge and ritual paraphernalia, see Ware and Blinman (1998), given that
exchange within such a network need not be proportional to geographic proximity”
(Schillaci and Wichmann 2016:109).

Biodistance Studies of Individual-Level Relationships
Individual-level analysis is one of the scales of analysis for dental morphological data
identified by Scott and Turner (2000). Dental morphological analyses at the individual
level have been conducted to examine kinship and population affinity (Alt 1991, 1992;
Alt et al. 2015; Alt et al. 2006). Paul and Stojanowski (2017) examined the ability of
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dental morphology to identify relatives and non-relatives. They estimated biological
distances between individuals and found that the morphology of permanent tooth crowns
perform “moderately well” for identification of relatives versus non-relatives (Paul and
Stojanowski 2017:105), but deciduous crowns perform much better.
Stojanowski and Hubbard (2017) examined the utility of dental metric and dental
morphological data to assess assumptions of kinship analysis. They found that rare dental
morphological traits are “randomly distributed throughout the population”, and thus they
are not useful in identification of close relatives. They do note that small-scale
biodistance analyses, which are done using smaller sample sizes, likely increase the
ability of the data to perform. They conclude that for identifying relatives (e.g. siblings),
contextual information about the burial should also be used. Alt et al. (2006) used kinship
analysis in an early Slavic Cemetery in Germany; they also concluded that the use of
contextual information in tandem with biological information was necessary to identify
close kin.
Pilloud and Larsen (2011) used principal component analysis and dendrograms to
examine cemetery structure at Çatalhöyük. They failed to identify any phenotypic
patterns as far as burial location was concerned. These results suggest that the cemetery
here was organized by an alternate definition of kin. Sciulli and Cook (2016) examined
phenetic variation in cemetery structure in pre-contact Mississippi; they found that the
Sun Watch village cemetery was structured by kinship, with one primary population, and
there were also individuals of non-local origins.
examined admixture and its effects on individual health in historic African
Americans through use of linear discriminant analysis to characterize admixture along a
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continuum. They found that individuals who are more similar to people of European
descent on average, lived longer than those more similar to individuals of African
descent.
Marquardt et al. (2018) used linear discriminant analysis to examine biological
affinity of eight individuals excavated from St. Joseph’s Sanitarium in Albuquerque, New
Mexico. Through use of a large comparative sample (1,527 individuals), they estimated
affinity for each of the eight individuals. They found that as a group, these people are
most similar to people interred at the Joint Courts Complex (Hispanic descent). As
individuals, they are heterogeneous: individuals with African American, European, and
Native American ancestry are present.
In the USSW, McClelland (2003) examined intra-site biological distance at
Grasshopper Pueblo and found dental morphology to be useful for examining the
variation of individuals buried at a single site. Due to the use of phenetic data, it is
possible that the study supplied in Chapter 4 will “miss” some people who moved in the
past. However, this study provides a non-destructive way to examine individual-level
variation, and while it is not as fine-grained as aDNA analysis, there is information to be
gained and these studies demonstrate its potential, particularly in situations where aDNA
analysis is not possible.
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Theoretical Framework

My research uses a political economic framework. It is a broad theoretical
framework that provides an interdisciplinary perspective for examining how unequal
distributions of wealth, power, and opportunities are shaped by sociocultural, political,
and economic factors and, by extension, how these processes affect human biology
(Gilpin 2001; Gilpin and Gilpin 1987; Goodman and Leatherman 1998; Minkler et al.
1994). Disease is not simply the result of infection or physiological perturbation. A
variety of factors including malnutrition, economic insecurity, and lack of power act in
concert to create underlying susceptibility to disease and poor health (Waitzkin 1981).

Health and Stress
This dissertation will broadly focus on health and stress in people who lived in the
Southwest United States prior to contact. Health is a primary component in quality of
life; it is the result of political and economic forces, genetic and epigenetic
predisposition, and is a cultural construct that is influenced by behavior, ideology, and
social organization (Klaus 2008:4). Health does not only refer to a lack of disease; it is
also state of mental and social well-being (Reitsema and McIlvaine 2014; W.H.O. 2003).
Defining health is problematic, even in the living (DeWitte and Stojanowski 2015:399),
rendering its definition in the dead doubly difficult. Health “is a complex process that
includes skeletal indicators of stress, but also the impact of these processes on human life
history and individual perception… the relationship between skeletal indicators of stress
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form an imperfect and perhaps contradictory relationship with population health”
(Temple and Goodman 2014:190). Because health is a composite of nutrition, disease and
other factors, multiple indicators of dental and skeletal stress must be used to gain a
comprehensive understanding of stress and its effects on health (Buikstra and Cook 1980;
Goodman and Armelagos 1989; Huss-Ashmore et al. 1982; Larsen 2015).
Stress is a physiological disruption or perturbation resulting from the interactions
between environmental constraints, cultural systems and host resistance (Goodman and
Armelagos 1989; Goodman et al. 1984a; Goodman and Martin 2005; Larsen 2015). The
physiological process of stress cannot be directly measured in skeletal remains, however
changes in the skeleton can be used to infer the presence of stress (Goodman et al. 1988).
While definitions of stress and health are not synonymous, skeletal changes resulting
from stress indicate perturbations to an individual’s health and well-being. Through use
of a biocultural framework, analyses of skeletal indicators of stress can provide
“significant insights into the health and well-being of ancient populations… insights are
particularly enriched when they are examined in contexts of ancient inequality, cultural
complexity and culture change” (Turner and Klaus 2016:432).
Temple and Goodman (2014:190) argue that “an integrated and contextual
approach is essential to the ability of bioarchaeological research to thrive as a discipline.”
Changes in frequencies of stress markers alone cannot be assumed to indicate changes in
health. My research followed other studies (DeWitte 2014b; Klaus 2008) and examined
the patterning of stress markers among different age categories, while also reporting
frequencies of stress indicators for entire groups to gain a more detailed understanding of
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health and stress. I also incorporate the social context in which people lived, through use
of archaeological data and information, where available.

The Biocultural Stress Model
The biocultural stress model (Figure 1.3) developed by Goodman et al. (1984b)
and updated by Klaus (2012:34) is used in this research. The stress model focuses on the
etiology of stress, such as lack of resources (food, water), physiological effects of stress,
such as linear enamel hypoplasia (LEH), cribra orbitalia (CO), and porotic hyperostosis
(PH); as well as the outcomes of stress, such as decreased work and reproductive
capacities (Klaus 2014). The model highlights the fact that stress cannot be directly
measured in a skeletal sample: a variety of indicators must be used to infer stress and its
impacts (Klaus 2008:42). The updated model acknowledges that the relationship between
stress and culture is not necessarily linear and predictable; instead, there are complex
forces driving the relationship. The newer model also allows for integration of qualitative
and quantitative data to examine interactions between culture and human biology
(Armelagos et al. 1992; Schell et al. 2007). It acknowledges that while culture can act as
a buffer against disease and other negative factors, it can also act to introduce stress
(Schell 1997).
Stressors that are induced by culture can physically constrain a “subordinate
social entity’s access to the nutritional resources, adequate living conditions, and
uncontaminated drinking water required to maintain biological homeostasis” (Klaus
2012:33-34). Impacts of unequal resource access can affect the expression of genes and
individual development: “thus, one group’s active denial of resources to another can
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inflict physiological disturbance” (Klaus 2012:33-34). These stressors are mechanisms of
structural violence. They can maim (or at the most extreme cause death), and this harm
can manifest itself on the human skeleton (Klaus 2012).

Structural Violence
Structural violence is harm to people through large-scale religious, cultural,
political, legal and economic institutions or systems (Bernbeck 2008:393) that subverts
the ability of individuals and groups to reach their full potential (Farmer et al. 2006;
Galtung 1969). Structural violence develops from unequal distribution of power and
resources (Weigert 2010:126). This type of violence is not necessarily physical and there
is no single actor inflicting harm. Instead it is built into social institutions and structures
and normalized such that it is a subtle, almost invisible violence (Farmer et al. 2006;
Gilligan 1996; Weigert 2010).
Ethnographic reports demonstrate the existence of social inequalities and resource
access restrictions in Puebloan society. One such example comes from Orayvi, a Hopi
village on Third Mesa. Here, the village chief allotted land to each clan: some clans
received fields of high quality, while others were given less desirable fields, and some
clans received no land at all (Levy 1992). During drought, resources were pooled, and
some clans had to migrate away from Orayvi or starve (Eggan 1966). These “droughtinduced food shortages accentuated such social inequalities and led to warfare and
violence” (Walker et al. 2009). These practices had impacts on clan fertility and
longevity (Levy 1992). Another example of social inequality comes from ethnographic
records (Brooks 2011), as well as demographic (Kohler and Turner 2006), and
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bioarchaeological evidence (Martin 2008a; Martin and Osterholtz 2016): raiding for
women and children. Women and children who were captured in raids occupied
marginalized status in the communities into which they were forcibly brought (Walker et
al. 2009).
The biocultural stress model, when used in concert with structural violence
theory, provides a lens through which to view the political economic factors at work in
the creation of disease and poor health in past and present peoples. Additionally, a
biocultural model provides an avenue to link various cultural processes to demography
and health (Martin et al. 2013). This allows for a more holistic examination of the
impacts that the cultural framework has on individual and group morbidity and mortality.
Another important facet of the biocultural model of stress is its adaptability: the model
can be modified to work with the available data (Martin et al. 2013:13).

The Osteological Paradox
A potential confounding factor in analysis of skeletal remains is the Osteological
Paradox. Several issues arise from the analysis of skeletal remains, one being that
archaeological samples represent non-survivors, and so may not accurately represent the
living population (Wood et al. 1992). Other difficulties arise with the identification of
cohorts, which are groups that share a certain trait, such as birth year (Angel 1969;
Roksandic and Armstrong 2011). A further issue is that individuals exhibiting stressrelated skeletal changes might represent a healthier (less frail) segment of society, while
individuals with no lesions may have been exceptionally frail (Wood et al. 1992). While
hidden heterogeneity in risk and frailty potentially limit the information available for this
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study, more recent research has linked traditional indicators of stress to ill-health in the
living (Lukacs et al. 2001b; Skinner et al. 2014).
Indicators of systemic stress that are usually collected by researchers, such as
linear enamel hypoplasia, caries and periodontal disease, and periosteal reactive bone are
likely informative frailty in individuals (DeWitte and Stojanowski 2015). Enamel
hypoplasias have been found to co-occur with infections and reduced growth in
laboratory studies (Skinner et al. 2014). Another study showed that living children in
rural groups in India with enamel hypoplasias were found to have shorter stature than
individuals without them (Lukacs et al. 2001b). Armelagos et al. (2009) found that
individuals with enamel hypoplasias from Dickson Mounds in Illinois died earlier than
individuals without them. These and other studies have linked enamel hypoplasias with
poor health, rendering enamel hypoplasias “particularly useful for paleopathological
analyses” (DeWitte and Stojanowski 2015:423). This does not mean that studies of and
methods for data collection of enamel hypoplasia and other indicators of stress are
without error.
DeWitte (DeWitte 2010, 2012, 2014a, 2014c; Dewitte and Hughes-Morey 2012)
has conducted extensive research on frailty for a variety of stress markers used in this
study. DeWitte and Bekvalac (2009) used Usher’s (2001) multistate model of morbidity
and mortality to examine the association between caries and periodontal disease and
individual risk of death. This model includes three states: 1) individuals with no
detectable skeletal or oral pathology; 2) individuals with detectable lesions; 3) death. The
hazard of an individual developing pathological lesions or dying was estimated for each
state. They found that individuals with caries and periodontal disease were at greater risk
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of death than individuals without them. This study addressed the osteological paradox,
through estimation of individual risk of death (frailty) for individuals with and without
lesions.
Dewitte (2010) also examined frailty differences between the sexes. The “excess
mortality associated” with linear enamel hypoplasia, porotic hyperostosis, cribra orbitalia,
and periostitis of the tibia, increased risk of death for males and females: individuals with
these markers of stress were more likely to die than individuals without them. Males with
these stress indicators were more likely to die than females with the same lesions. Finally,
DeWitte (2014a) linked a survival advantage to individuals with healed periosteal lesions
when compared with individuals with active or no lesions at all.

Resilience Theory
This research also makes use of resilience theory, which provides an ideal
framework through which to examine migrations in the past. However, it does not
necessarily interpret the presence or absence of skeletal lesions as indicative of resilience
as this could result in circular reasoning. Resilience refers to “the capacity of a system to
absorb disturbance and reorganize while undergoing change so as to still retain
essentially the same function, structure, identity and feedbacks” (Walker et al. 2004).
Walker et al. (2004) define adaptability as “the capacity of actors in a system to influence
resilience… this amounts to the capacity of humans to manage resilience.” Resilient
nonhuman species undergo large fluctuations in population size, declining greatly in
times of stress and then rebounding in following years. Human populations resist or
attempt to do so through the transformation of the systems that surround them (Hegmon
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et al. 2008). Resilience theory can aid in our understanding of how people respond(ed) to
negative conditions (e.g. climate change, contact between cultures, threats of violence)
and how they attempted to minimize their impact on social and environmental
relationships (Hoover and Hudson 2016; Redman 2005; Redman and Kinzig 2003;
Temple and Stojanowski 2018).
Within this framework, human behaviors such as migration and reorganization
can be seen as adaptive responses to adversity (Hoover and Hudson 2016; Redman 2005;
Redman and Kinzig 2003). Resilience can be assessed in historical contexts through
proxies, which include: continuity and change in material culture, changing settlement
patterns, biological affinity and health (Hegmon et al. 2008; Hoover and Hudson
2016:24; Redman and Kinzig 2003). Hoover and Hudson (2016) examined resilience in
hunter-gatherers through use of indicators of systemic stress. They analyzed fluctuating
asymmetry of the dentition and the presence of dental enamel defects before and after the
arrival of farming economies. They found no statistically significant difference in enamel
hypoplasia prevalence or developmental instability (fluctuating asymmetry) between the
time periods examined. They conclude that this is evidence for “socio-cultural resilience
[of hunter-gatherers] during a time of socio-ecological change associated with the arrival
of farming economies in western Japan” (Hoover and Hudson 2016:29).
The data obtained through bioarchaeological research provide insights into human
resilience by illuminating health changes after inferred migration to new areas, at the
group level and potentially at the individual level. In this study, I examine individual and
group level variation in health following migration. This combination of individual and
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population level analyses “while challenging is ultimately more valuable in what it can
reveal about human adaptation and resilience” (Martin et al. 2013:180).

Migration Theory
While migration studies are a staple in Southwest thought today, archaeological
interest in migration in the Southwest and elsewhere dwindled during processual
archaeology’s rise in the 1970s (Anthony 1990, 1992; Fowles and Mills 2017). Scholarly
interest in migration rebounded during the 1990s, perhaps as a direct result of the
introduction of the Native American Graves Protection and Repatriation Act (Anthony
1990, 1992; Fowles and Mills 2017).
Scholars define migration in a variety of ways (Clark 1994:306; Morrissey
1983:3). For the purposes of this research, following Clark (2001:2), I define migration
as, “a long-term residential relocation beyond community boundaries by one or more
discrete social units” (Clark 2001:2). Cabana and Clark (2011:6) stipulate that a
“migration event must minimally consist of an individual moving from origin to
destination,” thus temporary visits (cyclical or seasonal rounds) are not migration. Here,
the term phenetically-inferred migrant refers to anyone who appears to be an outsider
when compared to their host-group through biodistance analysis. The interpretation is
that individuals who are outsiders in this way have moved their residence from one
community to another. This is appropriate, as even today, migrants are defined as
individuals who move across community boundaries, often for work or due to positive
opportunities where they are going (October 2017). Castañeda (2010:6-7) explains that
“the term migrant can be used to categorize any individual who has at some point
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migrated to a new place… many researchers prefer the term migrant over immigrant
because it captures both the process of leaving a former place (emigration) and that of
arriving in a new place (immigration).”
Some scholars discuss migration as a biological or adaptive response to adverse
conditions (Clark 1994; Lori and Boyle 2015; Morrissey 1983); people do not move
without reason; and partake in “the ongoing search for a favorable environment”
(Morrissey 1983:3).
Migration can be viewed as a process, and in the case of long-distance migration,
it is usually well thought-out and planned (Anthony 1990). The process of migration is
shaped by ecological, economic, social, demographic and evolutionary forces (Fix 1999;
2004:387). There are many forms that migration can take: short to long distances and
movements of large groups versus movements of individuals. Many factors can push
movement: economic, marital systems (exogamy), resource stress, and violence (Clark
1994; Fix 1999; Hagen-Zanker 2008). People are more likely to migrate when they are
experiencing negative (push: war, conflict, persecution, environmental downturn)
conditions at home and there are positive (pull: peace, family unification, presence of
relatives) attributes in the destination area (Anthony 1990; Moore and Shellman 2006;
Reuveny 2007). Glowacki (2015:4) suggests that the most common response to problems
at home is to find local solutions: “therefore, when people move, the implication is that
there are problems that could not be resolved locally.”
There are three ways that people tend to adapt to environmental issues: 1) stay
and do nothing; 2) stay and mitigate changes; 3) leave the impacted area (Reuveny
2007:657). The second case is seen more often in developed countries where populations
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can use technology and institutional redesign to mitigate negative situations. In less
developed countries people often are forced to leave the area. When people migrate due
to some kind of distress, they are unlikely to lead conflict. This is because they are often
marginalized and weak compared with individuals in host areas (Harrod and Martin
2013; Kothari 2002). Migrations due to environmental issues do not always cause
conflict, but when they do, wars can erupt (Reuveny 2007). Conflict in the new area is
less likely to occur when migrants and host-group are of the same ethnic group and share
the same religion (Reuveny 2007). Additionally, migrants can be thought of as a threat in
the new area if they are viewed as burdensome to the host group (Reuveny 2007).
Most migrants travel over short distances and the number of migrants decreases as
distance increases (Ravenstein 1972 [1885]). Migrants often go to places where they have
social connections (Boyd 1989:641). In the case of mass migrations, initiation is made by
“pioneers”, the pioneers settle on a destination based on its ability to suit their needs, and
later migrants follow successful pioneers (Burmeister 2000:544). This kind of migration
is referred to by Anthony (1990) as chain migration. Migration is often a self-selective
process, with individuals who are strong enough choosing to move: young, healthy adults
are more likely to choose to migrate than children, old adults or people in ill-health (e.g.
Mou et al. 2015; Williamson 1988). Females tend to migrate more than males, although
when males migrate it is usually over greater distance (Brettell 2009; Ravenstein 1972
[1885]).
Kin-based groups have been known to split from a larger group due to issues such
as war and famine or other social issues, in a process known as fission-fusion (Cameron
2013:222). When this happened, and larger groups of migrants moved into new
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territories, they had to “negotiate their place”, either through assimilation into new groups
or establishment of a new settlement (Cameron 2013:222). Migrants are often in a
disadvantaged position in their new homes, taking resources (food) and protection from
their hosts (Cameron 2013).
Not all migrations are due to marriage and some are compulsory. When
migration is forced through violence or threats of persecution, migrants can be considered
“refugees” (Morrissey 1983). At great risk in these situations are women and children,
who not only face danger in their homes but also as they flee and in the new places they
settle (Lori and Boyle 2015). Dangers include not only threats of violence, but also a lack
of resources, such as drinking water and food (Lori and Boyle 2015). Some movements
are forced through processes such as captivity
An assumption of many migration studies is that there are clearly defined
populations with migrants moving between them (Fix 1999:2); this is likely a rare
occurrence. When multiple individuals move, migration can occur in two ways: 1) as a
series of individuals or small groups acting independently based on common motives; 2)
as a large social group coordinated by a central authority (Cabana and Clark 2011:6).

Health and Migration
Studies of migration’s impacts on individual health often fall into the fields of
public health, economics and medical anthropology (Castañeda 2010; Hamilton and
Hummer 2011; Harper and Raman 2008; Lassetter and Callister 2008). Migration itself
does not necessarily pose health risks, but the conditions surrounding migration can
introduce risks (Markel and Stern 2002) and increase vulnerabilities (Davies et al. 2011).
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Migrants and refugees are often at increased risk of violence (Castañeda 2010; Lori and
Boyle 2015). In addition to this, the risk for disease and other health issues is higher for
migrants, in part due to separation from traditional healers and cultural differences
between themselves and their hosts, and in part due to cramped and poor living
conditions (Lori and Boyle 2015; Mou et al. 2015; Sandhaus 1998). Today, migrants are
among the most disadvantaged as far as access to health care is concerned: restrictive
laws have been put in place in many countries to dissuade legal and illegal migration
(Castañeda 2010).
Despite these difficulties, immigrants and migrants from socioeconomically
disadvantaged places often have relatively better health than individuals who are local
(Malmusi et al. 2010; Riosmena et al. 2017). This is referred to as the “immigrant health
advantage” or “healthy migrant hypothesis”. This benefit is fleeting, often followed by a
deterioration in individual health after a generation (Malmusi et al. 2010; Newbold 2005;
Ronellenfitsch and Razum 2004). Migrants in Indonesia are more likely to be in poor
health two plus years following migration (Deb and Gurevich 2017).
The immigrant health advantage is driven by self-selection: individuals who
choose to or are able to migrate/immigrate tend to be healthier (Riosmena et al. 2017).
Particularly for contemporary individuals who migrate illegally there is a self-selection
process, they must be healthy enough to complete the journey (Deb and Gurevich 2017;
Giuntella 2016; Riosmena et al. 2017). Contemporary studies of health in migrants postmigration often find “ambiguous effects of migration on health”; and depending on the
health markers used, migration has been found to have positive, negative or no impacts
on health (Deb and Gurevich 2017).
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Questions, Definitions, and Predictions

This dissertation addresses a broad anthropological question: How does
migrant-status impact health?
This research identifies three analytical groups:
1) Host-group: individuals who are from the area that they were buried in (based on
phenetic evidence). The majority of individuals are expected to be in this
category, in other words, the largest grouping of individuals is assumed to be
local.
2) Non-migrants: individuals who are identified as a source group for migrants but
who were unable to move themselves (due to death). In this study, the only group
identified as non-migrants are those buried in the Gallina district (see Chapter 2).
3) Phenetically-inferred migrants: individuals identified as outliers in biodistance
analysis if they cluster away from other individuals recovered at the site or in the
region where they are buried. I identified phenetically-inferred migrants using
multiple linear discriminant analyses/dendrograms that included different
combinations of groups, dental traits and/or regions; individuals were required to
remain outliers in a majority (15/20) of these analyses to be identified as
phenetically-inferred migrants. This was done to ensure that they were truly
phenetically different from other individuals in the place where they are buried.
This results in a shorter list of phenetically-inferred migrants than I originally
started with. This was a stringent rule, but I tried to be conservative in my
assessment of these outliers.
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Prior to testing the following hypotheses or predictions, potential phenetic
migrant groups and individual phenetically-inferred migrants were identified through the
use of biological distance analysis and contextual skeletal evidence and archaeological
data. A limitation here is that due to the nature of the data, it is difficult to identify a place
of origin for phenetically-inferred migrants. If these individuals cluster outside the region
where they are buried, it is likely due to a genetic composition more similar to that of the
place they cluster with; either due to migration from that area or to shared ancestry.
Another potential issue is that I do not know if the phenetically-inferred migrants were
first generation migrants or later descendants of migrants who retained their distinctive
dental patterns. I refer to these people as phenetically-inferred migrants due to my
identification of single individuals in biological distance analysis. Individuals who
remained phenetic outliers in multiple cluster analyses were then identified as
phenetically-inferred migrants. For example, several individuals from the Totah district
(La Plata Highway Sites) were identified as outsiders in extensive research by Debra
Martin and colleagues (e.g. Martin 2008a, 2008b). These individuals remained outsiders
in multiple cluster analyses and were identified as phenetically-inferred migrants.
In the case of groups such as the Gallina, it seems likely that they migrated to the
MRG, due to the establishment of the sites they cluster with following the abandonment
of the Gallina district; however, another possibility is that they share a common ancestor
with the inhabitants of the MRG who are included in this study. Due to these limitations,
phenetically-inferred migrants are compared to the entire sample (all individuals not
identified as phenetically-inferred migrants), regardless of where they are clustering, as
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well as to the site/region where they were buried, but do not cluster with (hostpopulation).
Six predictions are tested directly in the chapters or in Appendices 1 and 2. The
final two hypotheses were written to examine individuals in the Gallina District only and
are tested in the Appendices.
Prediction 1 (P1): Individuals identified as phenetically-inferred migrants show more
evidence for systemic stress during growth and development, as measured through
enamel hypoplasia, porotic hyperostosis and cribra orbitalia than do hosts. This
prediction will be addressed through use of odds-ratios and logistic regression.
Prediction (P2): Phenetically-inferred migrants will show more evidence for systemic
disturbance, as measured through prevalence of infection than will hosts.
Prediction 3 (P3): Phenetically-inferred migrants will show more evidence for
interpersonal violence than those in the host-population (Martin et al. 1995; Stewart et al.
2012; Wolff et al. 2008).
Prediction 4 (P4): Phenetically-inferred migrants are less frail than the host-group.
Frailty, here, is measured through assessment of whether migrant status impacts mortality
risk. This hypothesis will be addressed through use of Kaplan-Meier survival analysis. If
migrants are less frail, they will die later and have lower mortality risk than the
overarching sample.
Specific to the Gallina,
Prediction 5 (P5): Non-migrants show evidence for greater systemic stress during
development when compared to phenetically-inferred migrants.
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Prediction 6 (P6): Non-migrants show evidence for greater interpersonal violence than
phenetically-inferred migrants.

Materials and Methods

Sample Descriptions
This study incorporates 336 individuals from 45 sites and six regions from New
Mexico, see Table 1.2 for descriptions. Some of these sites have been combined (or
assembled) into districts (the Gallina District is comprised of individuals from 17 sites
and is examined as “the Gallina”). A map of site locations is provided in Figure 1.1.
Some of the “sites” in the study are composites of many sites from a single
archaeological district, as is the case with the Gallina and Mogollon.
For inclusion in the study, individuals were required to have dentitions
sufficiently complete for dental morphology and/or dental metric data to be collected.
This ensures that individuals in biodistance analyses had health data and that there were
not individuals for whom biodistance analysis could not be completed. Skeletal remains
included in this study are housed at the Maxwell Museum of Anthropology, Laboratory
of Human Osteology (LOHO), Office of Archaeological Studies (OAS) and Center for
New Mexico Archaeology (CNMA). Consultations were conducted on my behalf by each
organization according to their own standards. All tribes or tribal representatives were
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sent a letter by CNMA explaining the nature of my work; it was requested that I not
collect data from individuals buried at Nambe, so I did not collect those data.
In order to identify migrants and examine regional dental morphological
variation, data from sites from throughout New Mexico were incorporated in this study.
Sites that were initially chosen are considered to have been “large” in terms of numbers
of rooms, in order to increase the sampling opportunities for this study. However, as the
project began to move forward, I discovered that some “large” sites had few skeletal
remains associated with them (as indicated in Table 1.2). Consequently, sites with
smaller samples were pooled with sites with larger samples into “regions”, and together
these samples provide information about dental morphological variation at the regional
level. For example, the Angus sites, Adam’s Ranch, and the Mimbres sites were pooled
together as representative of the Mogollon region. Sites such as Howiri-uinge and Chama
were pooled into the larger Northern Rio Grande region. Sites were also chosen based on
location and time period of occupation. As the primary question of concern regards
migration, sites that were established post-Mesa Verde abandonment in addition to preabandonment were included in the study.

Region and Site Descriptions

Northern Rio Grande. The Northern Rio Grande (NRG) archaeological region is
roughly rectangular in shape and is bounded by the Colorado state-line in the north, Isleta
in the south, the Canadian River in the east and the Rio Puerco and Rio Chama in the
west (Wendorf 1954; Figure 2). Sites in this study located in the NRG are: Gallina district
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(seventeen sites), Howiri’uinge, Pecos, Pindi, Ponsipa-Akeri, Sapawe, Tesuque,
Tsama/Chama, Tecolote, Yunque. Tecolote (LA 296) is one of the easternmost pueblos,
and I combine it with the NRG due to its location 16.1 kilometers south of Las Vegas,
New Mexico (Claassen 1994; Mallard 2012). Many of the sites included in the NRG have
small skeletal samples: Tesuque is represented by two individuals, Chama by one.
Individuals from Pecos Pueblo are included in the analyses of dental morphological data
only; these remains were repatriated, and only dental morphological data was available
for this study. The 39 individuals from Pecos were not included in the analyses of stress
and frailty; for detailed discussion of health and stress at Pecos Pueblo see Weisensee
(2001) and Hooton (1930).
San Juan Basin. The San Juan Basin (SJB) is a geologic basin in the Four Corners
region; located primarily in northwest New Mexico, and extends into southwest
Colorado, southeast Utah and northeast Arizona (USGS 2016). The SJB was depopulated
by around AD 1300 (Vivian 1990). In this study, the SJB is represented by individuals
who were buried at ten of the Chaco Canyon small sites.
Totah. The Totah (TOT) region consists of four sites from the La Plata Valley
Highway project. Toll (2008:311, Figure 16.1) defines the TOT as a “physiogeographic
province defined by the confluence of the Rios Animas and the La Plata [river] with the
Rio San Juan”, extending along the La Plata into Colorado. Mesa Verde sites were not
available for dental data collection; however, and the TOT sites are the closest in
proximity to the Mesa Verde region. This study includes individuals who were identified
as captives in previous research (Martin 2008a, 2008b).
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Middle Rio Grande. The Middle Rio Grande (MRG) extends from the southern
border of the NRG starting at Cochiti Dam and extending 160 river-miles downstream to
modern-day Elephant Butte (Jones 2015). The MRG sites included in this study are
Chamisal, Kuaua, Pottery Mound, Puaray and Tijeras (see Table 1.2 for LA numbers and
greater detail). These sites, for the most part, were established post-Mesa Verde
abandonment.
Mogollon. Mogollon tradition sites are located from southern Arizona into
southern and eastern New Mexico and northern Chihuahua, Mexico (Cordell and
McBrinn 2016:37, Figure 1.7). The Jornada Mogollon area “extends from the northern
end of the Caballo Mountains to the junction of the Rio Grande and Conchos Rivers in
the south, and from the Sacramento Mountains to El Paso” (Cordell and McBrinn
2016:220). The Mimbres area of the Mogollon region was depopulated after AD 1130
(Schollmeyer 2011). In this study, Mimbres is represented by individuals from three sites
and Jornada by three Angus sites.
Rio Abajo. The Rio Abajo district (RA) is in southwestern New Mexico and
includes western Socorro and north-wester Sierra Counties (Lekson 2000:172). The RA
is represented by one site, Gallinas Springs (LA 1178 and 1180). This is one of two
(Pinnacle Ruin being the other) sites in the district that have Magdalena Black-on-white
pottery in relatively high concentrations. The Roadmap site also has Magdalena Blackon-white pottery present, but at lower levels. Magdalena Black-on-white is stylistically
similar to McElmo Black-on-white (Davis and Winkler 1959; Ferguson et al. 2016;
Lekson et al. 2002). These are likely “post-Mesa Verde towns”, established by migrants
from the Mesa Verde Region (Lekson et al. 2002).
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326 Puaray

S.
Tiwa?

Middle Rio
Grande

Albuquerque

13001600

187 Kuaua

Tiwa?

Middle Rio
Grande

Albuquerque

13501700

MMA

416 Pottery Mound

Tiwa?

Middle Rio
Grande

Rio Puerco
(East)

13001500

MMA

22765 Chamisal

Tiwa?

Middle Rio
Grande

Albuquerque

MMA

581 Tijeras

Tanoan

Middle Rio
Grande
Northern
Rio Grande

Tijeras
Canyon
Chama

Northern
Rio Grande
Northern
Rio Grande

Chama

1200/
1275 1400
12621395
12501610/
12751600
14001525?
13001550

Northern
Rio Grande

Chama

12001500

MMA

59 Yunque

Tewa

71 Howiri’uinge

Tewa

306 Sapawe

Tewa

908, 909 Chama

Tewa

Chama
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MMA
MMA

MMA
MMA

n

Location

Sargeant (1985); Adams
and Duff (2004a);
Franklin (2017)
Adams and Duff (2004a);
Ortman (2012 )
Adler (1996); Adams and
Duff (2004a); Ortman
(2012)

Dates

22

District

Adams and Duff (2004a);
Cordell and McBrinn
(2016)
Adams and Duff
(2004a); Cordell and
McBrinn (2016)
Adams and Duff (2004a);
Ortman (2012)

Region

MMA/
CNMA

Language
Group

Site Name

LA #

Table 1.2. Sample Descriptions.

61
30

24
11

Adams and Duff (2004a); 1
Duwe (2009)
Adams and Duff (2004a); 22
Ortman (2012); Cordell and
McBrinn (2016)
Adler (1996); Ortman
1
(2012)

11633 L/102
649 Bg3: Nogales Cliff
Dwelling
31746/18 "Arches Material"

1 Pindi Pueblo

MMA

Adams and Duff (2004a)

1

MMA

Constan (2011)
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ARMS (2018)

12501260*
11801250

641 Capulin Station

35648 Rattlesnake Ridge,
Bg 19, Bg 20,
Bubble House,
Hormigas
625 Pecos

Dates

Region

District
Gallina

13001500
11801250

n

?

Northern
Rio Grande
Northern
Rio Grande

Reference

Tewa

Location

Leeson
Community, Bg 51,
Bg 52, Bg 88, Bg
92, Bg 95
Bg2: Cuchillo
House
61569 Bg 91

61578,
61568,
61569,
61580
22861

Language
Group

Site Name

LA #

297 Ponsipa'akeri

Tanoan

ARMS (2018)
ARMS (2018)

11971244
9001300

Constan 2011

11501250

Constan (2011)

ARMS (2018)

Northern
Rio Grande

Pecos

12001830

repatriated

Northern
Rio Grande

Santa Fe

10001400/
12751400

CNMA/
MIAC

42

Adler (1996); Adams and
Duff (2004a); Ortman
(2012)
Adler (1996); Adams and
Duff (2004a)

39
6

2

MMA

Lekson et al. (2002)

13

12501450

MMA

O’Donnell (2015)

4

Mogollon
(Jornada)

7001375†

MMA

ARMS (2018)

7

?

Mogollon
(Jornada)

7001375†

MMA

ARMS (2018)

1

16297 Angus (Filingin
Site)
635; 676 Mattock's Ruin
(Z:1:21)

?

Mogollon
(Jornada)
Mogollon
(Mimbres)

7001375†
13251450†

MMA

ARMS (2018)

1

MMA

ARMS (2018)

11

15075 Montoya Site
(Z:5:112)

?

Mogollon
(Mimbres)

10001325†

MMA

ARMS (2018)

2

District

296 Tecolote

?

Northern
Rio Grande

1178, 1180 Gallinas Springs

?

Mogollon

?

Adam's Ranch
2315 Angus
(Crockett Canyon
Site, Horned Toad
Road)
16300 Angus (Sikes Site)

Dates

Region

Santa Fe

LA #

Northern
Rio Grande

1325present
1050/
11501300/
1325
12501350/
13001450

MMA

Mogollon
(Jornada)

?

?

Rio Abajo

43

n

Reference
Adams and Duff (2004a);
Cordell and McBrinn
(2016)
Claassen (1994);
Mallard (2012)

Language
Group

Location

Site Name

MMA/
CNMA

Tewa

1064 389, Tesuque
742

6

37593 La Plata Highway
Project, Jackson
Lake
65029, La Plata Highway
65030 Project, Barker
Arroyo
Bc 993 and
73.100.5
40557 d sites, Wijiji,
29SJ577, Bc 260
41921 Bc 55, 29SJ1921

?Totah

2464 Chaco-Kin Kletso,
Bc 248, 29SJ393
40394 Chaco-Tseh So, Bc
50, 29SJ394

?

40395 Bc 51, 29SJ395

?

?Totah

?Totah
?
?
?

?

E. Mesa
Verde/N.
San Juan
E. Mesa
Verde/N.
San Juan
San Juan
Basin
San Juan
Basin
San Juan
Basin
San Juan
Basin
San Juan
Basin

MMA

ARMS (2018)

4

MMA

ARMS (2018)

3

OAS

8

Totah

10751125

OAS

Totah

10001075

OAS

Ortman (2012); Toll
2008; Adler (1996);
Toll and Akins (2012);
Wilshusen and Glowacki
(2017)
Toll and Akins (2012);
Wilshusen and Glowacki
(2017)
Toll and Akins (2012);
Wilshusen and Glowacki
(2017)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)

1

Totah

Dates
10001075
10001325
11251300

District

n

?

Reference

15044 Mitchell Site
(Z:1:29)
37592 La Plata Highway
Project, Jackson
Lake

Mogollon
(Mimbres)
Mogollon
(Mimbres)
E. Mesa
Verde/N.
San Juan

Location

?

Region

Language
Group

LA #

Site Name
12076 Walsh Site (Z:5:80)

MMA

San Juan
Basin

44

1100

MMA

10701150
11251130
9001325

MMA

10501150

MMA

MMA
MMA

3
27
2
6
1
1
1

?

40399 Bc 59

?

40396 Bc 53, Robert's
Site, 29SJ396

?

San Juan
Basin
San Juan
Basin
San Juan
Basin

2469, 2470 Bc 257, 29SJ1930,
Talus Unit #1

?

San Juan
Basin

Chaco Research Archive
(2018)

2

8001050
10501150
10501100

MMA

Chaco Research Archive
(2018)
Chaco Research Archive
(2018)
Chaco Research Archive
(2018)

1

10601070

MMA

Chaco Research Archive
(2018)

4

MMA
MMA

†This comes from information provided by the Archaeological Management Section, or ARMS- in the form of a period name or range of possible periods
of occupation.

MMA=Maxwell Museum of Anthropology, OAS=Office of Archaeological Studies; CNMA/MIAC= Center for New Mexico
Archaeology/Museum of Indian Arts and Culture.
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n

MMA

Dates

Reference

San Juan
Basin

Location

?

District

Region

Language
Group

Site Name

LA #

40838 Chaco- Hutch's
Site, Bc 126,
29SJ838
40397 Bc 57

2
7

Figure 1.1. Map of site locations. Map credit: Shelby Magee.
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Sex and Age
Sex and age were estimated following Standards for Data Collection from Human
Skeletal Remains (Buikstra and Ubelaker 1994), additional age estimates for adults
followed Buckberry and Chamberlain (2002). Age was also estimated using transition
analysis (Boldsen et al. 2002), further discussion is provided in the Analytical Methods
section.
In the case of juveniles, age was estimated through dental (AlQahtani et al. 2010)
and skeletal development (Baker 2005; Scheuer and Black 2000). Sex of juveniles was
not estimated due to the inaccuracy of available methods (O’Donnell et al. 2017; Scheuer
2004; Scheuer and Black 2000; Vlak et al. 2008). Individuals who were scored as
“possible” males and females were collapsed into the categories “male” and “female” for
analysis. Adults of unknown sex are excluded from sex specific analysis.

Dental Morphology
To evaluate phenetic similarities between individuals and groups, this study uses
dental morphological traits. I collected dental morphological data through examination of
standardized traits of the crown and root of the tooth, such as Carabelli’s cusp and incisor
shoveling (see Appendix 1, Table A1.1 and intra-observer error discussion, also see
Appendix 1, Table A1.2 for list of traits used in Chapter 4). The Arizona State University
Dental Anthropology System (ASUDAS) is a standardized system that utilizes plaques
with casts of the dental traits as well as detailed descriptions from Turner et al. (1991),
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updated by Edgar (2017). Dental morphological data were collected for each observable
tooth, on the right and left sides. The side with the highest expression score represents the
maximum expression of the trait (Turner 1985). Dental morphology and tooth
development are predominantly under genetic control and better buffered from
environmental effects than other skeletal structures (Butler 1963; Dahlberg 1971; Irish
1993; Scott and Turner 2000; Willermet and Edgar 2009).
Dental morphological traits are considered to be selectively neutral and thus can
be used to track population movements; gene frequencies change due to population
interactions such as gene flow and genetic drift (Irish and Turner 1990; Turner et al.
1991). Dental morphological traits can be used to compare populations that are separated
geographically and temporally, a task difficult to accomplish using aDNA. Traits are
highly heritable (Irish 2015; Martinón-Torres et al. 2007; Scott and Turner 2018).
Further, recent studies have demonstrated that dental morphological biodistances are
correlated with biodistances estimated from genetic data (Delgado et al. 2018; Gross and
Edgar 2019; Hubbard et al. 2015).
Finally, the traits defined by the ASUDAS “evolve very slowly” (Scott and
Turner 2018:13); this evolutionary conservativeness in concert with their heritability
makes them ideal for study of biodistance in both concurrent (synchronic) and time
successive (diachronic) samples (Irish 2015:266).

Health and Stress
Five indicators of systemic stress were collected following standards (Buikstra
and Ubelaker 1994). Here, lesion refers to any of the skeletal manifestations of stress
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(porotic hyperostosis, cribra orbitalia, or infection). Lesions were scored as: 1) healed,
with an organized, undulating, smooth and/or thickened texture (Ortner et al. 2001;
Weston 2008:52); 2) active, having a disorganized, porous, sharp-edged, texture or
through presence of new bone growth (Larsen 2015; Ragsdale et al. 1981); 3) absent (no
evidence of lesions active or healed). In the case of active lesions, any amount of activity,
even if there was evidence of healing (mixed lesions), was scored as active.
1) Porotic hyperostosis (PH) a “porous enlargement of bone tissue" (Ortner
2003:55). PH lesions cause thickening of the bones of the cranial vault, new
bone growth, and a porous surface (Ortner 2003). PH is thought to be a
general indicator of stress, caused by myriad factors including diseases,
anemia, iron-deficiency, and parasites (Kent 1986; Ortner 2003:200; Steckel
and Rose 2005; Steckel et al. 2002). PH was scored as present if it was
observed bilaterally.
2) Cribra orbitalia (CO) is found in the eye orbits, and is similar to PH,
(Aufderheide and Rodriguez-Martin 1998). CO causes sieve-like lesions or
pitting in the roof of the eye-orbit (Šlaus 2000). CO is likely representative of
insults that occurred during the first four years of a person’s life (Watts 2013).
CO was scored as present if observed bilaterally in the orbital vault.
3) Periosteal reactive bone (tibiae and other bones) or periostosis is regarded as
non-specific indicators of stress, they can result from infection or other
factors. A periosteal reaction is an inflammatory response of the periosteum
resulting from trauma or bacterial infection (Larsen 2015). Periosteal reactions
are often indicated by abnormal bone deposits and woven bone (Ortner 2003;
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Ubelaker and Pap 2009). While they can occur anywhere on the skeleton, they
are most common on the long bones (Weston 2012). In the case of an
inflammatory response due to trauma, the reaction can be localized (Weston
2012).
4) Infection was identified in one of two ways. The first was through evidence
for osteomyelitis, which is characterized by “exuberant proliferation of both
endosteal and periosteal bone surfaces” (Larsen 2015:83). Osteomyelitis
results from infection of the bone and bone marrow, either through the
bloodstream (introduction of pyogenic [pus-related] bacteria) or through
viruses, fungi and parasites introduced through trauma, or adjacent soft tissue
infections (Ortner 2003:2; Waldron 2009). A cloaca was required to be present
for osteomyelitis to be scored as present. Periosteal lesions that were
bilaterally present and more widespread throughout the skeleton (Larsen
2015) were also scored as infection. When periosteal lesions occur due to
trauma, they are often localized or smaller areas of reactive bone (Larsen
2015).
5) Linear enamel hypoplasia (LEH)/enamel hypoplasias (EH) are deficiencies in
thickness of enamel that occur when enamel matrix secretion is disturbed
(Goodman and Rose 1990; Hillson 1996). Hypoplastic defects are often
arranged in a band around the crown of the tooth (Hillson 1996), even though
they can take a variety of forms. Higher rates of linear enamel hypoplasias are
found in groups that are malnourished (Goodman and Rose 1990). These can
be used to infer systemic stress during childhood growth and development.
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Dentition is more resistant to stress than skeletal components such as the
skull; as such LEH can provide a conservative estimate of population health
(Cardoso 2007). With regard to sex, males are generally found to have higher
levels of enamel hypoplasia than females, however, most often there is no
significant difference between males and females (Guatelli-Steinberg and
Lukacs 1999:117). LEH were recorded as present or absent.
This research does not attempt to differentially diagnose specific diseases, instead,
I use lesion status and non-specific indicators of stress to gain a general understanding of
health. For individuals with lesions indicative of specific conditions, detailed notes were
taken along with photos. This data is stored in an Access database and photos are stored
on two separate external hard drives.
In addition to these systemic stress indicators, I collected information regarding
traumatic injury. Trauma indicative of interpersonal violence includes cranial vault
depression fractures (healed or unhealed), nasal, or other facial fractures. Nasal fractures
were scored separately from other fractures of the face. Here, fracture refers to an
incomplete or complete break in the continuity of a bone (Lovell 1997:141). The location
and state of healing were recorded. Trauma thought to be indicative of interpersonal
violence in this sample is mainly in the form of injuries to the cranium and nasal bones.
Bioarchaeological studies of migrants and groups in marginalized positions find that
these individuals often exhibit evidence of hard physical labor and traumatic injury
(Harrod et al. 2012).
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Analytical Methods
Transition Analysis. Transition analysis is a Bayesian method that uses a uniform
posterior prior and estimates the probability of making the transition from one age stage
to the next (Boldsen et al. 2002). Here, I used transition analysis for skeletal indicators of
age from the auricular surface, pubis and cranial sutures. Transition estimates were done
using ADBOU (Anthropological Database, Odense University) software version 2.1.046
(Ousley 2016), ancestry was selected as “unknown”, individual sex estimates were
entered where possible, the “population” selected was archaeological, and a probability
of 95% was chosen. The maximum likelihood age estimate was then used in analyses.
Mean Measure of Divergence and Pseudo-Mahalanobis Distance. The Mean
Measure of Divergence (MMD) is the biodistance statistic used in Chapter 2: Biological
Distance and the Fate of the Gallina in the USSW. MMD has been used in biodistance
studies using different types of morphological data. For a detailed discussion of how the
MMD is calculated see Irish (2010) and Harris and Sjøvold (2004). The MMD compares
trait frequencies and counts of observed individuals. MMD can be used for estimation of
distances between groups with small sample sizes, as well as for traits with low and high
frequencies using the Freeman and Tukey (1950) transformations.
Negative MMD values indicate little or no difference between groups (Harris and
Sjøvold 2004; Irish 2010). Negative MMD values were converted to “0” as suggested by
other researchers (Harris and Sjøvold 2004; Relethford et al. 1997). One limitation of the
MMD is that is assumes a lack of correlation between traits, this means that correlated
traits must excluded from analysis (Irish 2010). Due to this shortcoming, a tetrachoric
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correlation, which is suited to calculations of correlations for binomial data, is first
calculated to determine which inter-correlated traits should be removed in order to
calculate the MMD (Hallgrímsson et al. 2004; Hanihara et al. 2008).
Correlated traits are removed due to the potential for the application of “differential
weighting of the underlying dimensions may yield erroneous results” (Harris and Sjøvold
2004; Irish 2010:380). Additionally, highly correlated traits do not provide “substantial”
information to the analysis (Hallgrímsson et al. 2004:263). Prior to the calculation of the
tetrachoric correlation, dental traits with similar frequencies of expression are removed,
as they do not represent variation between groups. Principal Components Analysis (PCA)
and/or cluster analysis can then be used for graphic visualization of the MMD output
(Willermet et al. 2013).
Linear Discriminant Analysis and Cluster Analysis. This study also uses
analytical methods aimed at identifying individual phenetically-inferred migrants. Linear
discriminant analysis (LDA) was calculated in R-Studio (RStudio Team 2016) and is
used to estimate phenetic similarities on an individual level (O'Donnell and Edgar 2015;
O’Donnell and Ragsdale 2017). LDA is robust to non-multivariate normality and
skewness of data (Sever et al. 2005). Individuals who are likely phenetically-inferred
migrants are visible in 3-D scatterplots that are used to visualize LDA results; however,
they are difficult to label with unique identifiers when data is visualized in this way. This
difficulty led to the use of cluster analysis for better visualization and ease of labeling
each individual with a unique identifier. The three linear discriminant functions that
explain the most variance were then used to create a Mahalanobis distance dendrogram to
better visualize individual relationships. Cluster analysis was conducted in PAST
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(Hammer et al. 2001). Mahalanobis distance is the minimum possible genetic distance
between groups (Konigsberg 1990:60; Williams-Blangero and Blangero 1989). A large
distance indicates that a point is further away from the group centroid.
Sexes were pooled for analysis as sex has not been found to be a confounding
factor in the frequency distribution of nonmetric traits (Scott and Turner 2018). Juveniles
with permanent dentitions were also included in analyses. Correlated traits were removed
prior to analysis through use of tetrachoric and polychoric correlations using SAS
University Edition (SAS Institute 2018) with code from UCLA Statistical Consulting
Group (2018).

Health and Stress

Odds-Ratios and Regression. Preliminary analyses (chi-squared, uni- and multivariate regressions) were performed to examine sex, age, and site-specific trends in
indicators of stress. Linear and logistic regressions were estimated in STATA11.
Common odds ratios (OR) can be retrieved from the “logit” function in this program.
Age-specific OR were estimated following Klaus (2008:370) and apply a six-age
class system, (1: 0-4.9 years; 2: 5.0-14.9 years; 3: 15.0-24.9 years; 4: 25.0-34.9 years; 5:
35.0-44.9 years; 6: 45 years and older). For adults where transition analysis was possible
(n=108), the corrected age from ADBOU was used in the creation of the age classes. To
increase sample size, individuals who transition analysis was not possible (n=56) were
included through the use of the midpoint of their age-estimate range. These age estimates
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were then used to put each individual into an age class. For adults, this method is less
accurate/precise than for juveniles, due to the degenerative process of aging.
OR were calculated to evaluate differentials in lesion presence and absence between age
classes and sexes.
OR lend themselves to examination of conditions such as cribra orbitalia and
infection because they can be used for presence/absence data. OR are commonly used in
epidemiological studies (Schmidt and Kohlmann 2008). OR measures the association
between an exposure (risk factor: e.g. smoking) and an outcome (e.g. lung cancer)
(Szumilas 2010; Viera 2008). Odds is the ratio of individuals with a given characteristic
or outcome and those without it within a population (Prasad et al. 2008:636; Szumilas
2010:227). Risk is the proportion or percentage of a population who has a characteristic
or outcome (Prasad et al. 2008:636). Risk and OR converge as risk drops below 20% (i.e.
when a condition is rare) (Prasad et al. 2008). For this study, only odds ratios are
reported; this approach is acceptable as long as odds are not interpreted as being
equivalent to relative risk (Schmidt and Kohlmann 2008). Regarding the interpretation of
odds ratios: 1) OR= 1 indicates that there is no difference in the odds of having a disease
between people exposed to a risk factor and those not exposed; 2) OR < 1 indicates that
the odds of having a disease are lower in people exposed to the risk factor when
compared to those not exposed to it; 3) OR > 1 indicates that the odds of having a disease
are higher in people exposed to the risk factor when compared with people not exposed to
it.
Survival Analysis. Kaplan-Meier Survival analysis was performed for the total
sample as well as for the sample partitioned by age and sex to assess differential
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mortality and frailty. Kaplan-Meier survival analysis curves, restricted mean ages of
survival, and median survival time were estimated in STATA11. In this study, the median
may be a better representation of the trends in survival time because of smaller sample
sizes for certain lesion types, but median and mean survival time are expected to
generally reflect the same overall pattern. Kaplan-Meier is used to calculate differential
survival times (risk of failure [death]) within a sample (time to failure [death] event)
(Kaplan and Meier 1958). The probability of failure is presented on the y-axis and the
age-at-death (analysis time) is presented on the x-axis. The impact of lesion status (no
lesion [0], healed lesion [1], active lesions [2]) on mortality risk was examined using
Kaplan-Meier in a manner similar to DeWitte et al. (2016:4).
Survival analysis was performed for the pooled sample and then for individuals
less than 19 and over 19 years of age. This was performed to examine whether there are
differences in survival between the overall observed pattern and the sub-samples based
on age. The age of 19 was chosen arbitrarily to separate younger people from older
people within the sample. A non-parametric test (the log-rank test) for the equality of
survivor functions and appropriate for two or more groups was used; it compares
expected vs. observed number of failures in each group and results are a chi-squared
value as well as a p-value.
In addition to Kaplan-Meier hazards analysis, Cox proportional hazards models
were run. This regression model is used to examine associations between survival time
(or in this case, death) and predictor variables (one or more variables, categorical, metric
or both). Kaplan-Meier is a log-rank test: it can only consider one variable’s impact on
survival time; Cox can be used for categorical and quantitative variables and examines
56

the impacts of multiple factors on survival time. In the case of phenetically-inferred
migrants, this is useful because phenetic migrant status can be controlled for along with
health variables such as infection and lesion status. Cox-proportional hazards can be
interpreted much like odds-ratios: Hazard ratio (HR) =1: no impact, HR < 1: hazards are
reduced; HR >1: increase in hazards.

Chapter Summaries

Three dissertation chapters approach questions of migration and health at the
scale of the group and the individual. Migration is examined explicitly in Chapters 2
(Biological Distance and the Fate of the Gallina in the American Southwest) and 4
(Frailty and Stress in People Who Move: A View from the U.S. Southwest), which focus
on tracing migration of groups and individuals. Chapter 4 also examines the health of
individuals identified as phenetically-inferred migrants. Whereas those chapters focus on
biodistance and migration, Chapter 3: Health, Stress, and Frailty in the U.S. Southwest
focuses on stress and hidden heterogeneity in risk in the entire sample. This chapter
examines the impacts of skeletal lesion status and presence of linear enamel hypoplasia
on mortality risks for all individuals included in the sample.
Published as an article in the journal KIVA, in 2017, Chapter 2 examines three
models for Gallina migration following the abandonment of the Gallina District in AD
1275. The reasons for the Gallina abandonment are unknown, although it seems that
hostile relationships with neighbors and possible movement of Mesa Verde migrants
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through the area may have been factors. This article uses migration theory in concert with
archaeological context to frame the models for movement.
Chapter 3, Indicators of Stress and their Association with Frailty, examines
mortality risks related to lesion status for several typically collected indicators of
physiological stress including: cribra orbitalia, porotic hyperostosis, infection and linear
enamel hypoplasia. This chapter has been split into two separate articles. The first has
been submitted to American Journal of Physical Anthropology. The submitted article
does not include linear enamel hypoplasia; my study of linear enamel hypoplasia will be
submitted as a separate article. The chapter uses Kaplan-Meier survival analysis, logistic
regressions and odds-ratios to examine whether lesion status correlates with mortality
risk in the USSW.
Chapter 4, Frailty and Stress in People Who Move: A View from the U.S.
Southwest, identifies individuals as “phenetically-inferred migrants” through use of
dental morphology and linear discriminant analysis/cluster analysis. I intend to submit
this chapter to the International Journal of Bioarchaeology or KIVA.
Chapter 5 summarizes the results of the study and discusses future directions for
research for either me or other researchers. It also addresses the study’s contributions to
the literature and the field of Bioarchaeology as a whole.
The appendices discuss the data in more detail.
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Biological Distance Analysis and the Fate of the Gallina in the
American Southwest

O’Donnell, Alexis and Corey S. Ragsdale
2017

Biological Distance Analysis and the Fate of the Gallina in the American

Southwest. Kiva 83(4):515-531.
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Introduction

The Gallina have historically been portrayed as an enigmatic group, living within
the northern Rio Grande region (NRG) between 1100 to about A.D. 1275/1300. The
Gallina district was abandoned during the Pueblo III/Late Coalition period between A.D.
1275 and 1300, coinciding with a severe drought, which took place between A.D.
1276-1299 (Crown et al. 1996:199). During this time, a great upheaval in the northern
portion of the San Juan region occurred (Lipe 2010), with the Four Corners region being
entirely abandoned by the late A.D. 1200s. Previous studies have shown that while
population density in the northern San Juan region was declining, it increased in other
areas of the Southwest, including the NRG along with the Mogollon rim in southern and
central Arizona, and northern Chihuahua (Crown et al. 1996; Ortman 2010; Wright
2010).
While some researchers have argued that the population increase in the NRG
during this period was due to internal growth of the population who occupied the area
(Boyer et al. 2010), other researchers cite migration as the cause for at least some of the
observed growth (Crown et al. 1996; Ortman 2012; Wright 2010). The Gallina have
historically been portrayed by archaeological and ethnographic sources as relatively
isolated from the other occupants of the region (Borck 2012; Constan 2011; Cordell
1979b; Riley 1995; Sleeter 1987), but these depictions are somewhat biased due to early
researchers’ depictions of them as violent, warlike, and mysterious (Ceram 1971;
Gallenkamp 1953; Hibben 1944).
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It has been proposed that migrants from the Four Corners region were the catalyst
for the violence observed in the Gallina area (Borck 2012), perhaps this lead to the
Gallina abandonment. While it is unclear why the Gallina left their homes, archaeological
and biological analyses have shown that they may have been experiencing adverse social
conditions. Many archaeological sites are located in defensive positions (Cordell 1979a;
Douglass 1917; Ellis 1976; Haas and Creamer 1985; LeBlanc 1999), additionally skeletal
remains exhibit cranial and other trauma characteristic of interpersonal violence such as
the association of skeletal remains with projectile points, finally, there is evidence of
burning at some sites (Blumenthal 1940; Chase 1976a, 1976b; Mackey and Green 1979;
Stodder 1989). These studies support the hypothesis that the Gallina were displaced,
likely violently, by other populations from elsewhere in the region.
Migration can be thought of as a coping mechanism used in response to adverse
circumstances such as climatic downturns, violence, disease, or impoverished conditions
(Bylander 2015; Clark 1994; Kulisheck 2003; Meze-Hausken 2000; Nelson and
Schachner 2002; Snel and Staring 2001; Turner et al. 1993). Clark (2001:2) defines
migration as, “a long-term residential relocation beyond community boundaries by one or
more discrete social units as the result of a perceived increase in the benefits of relocating
to prospective destinations.” Additionally, migration can be examined using a push-pull
model, where a stimulus such as poor economy or the threat of violence pushes a person
or group from their homeland, while positive factors, such as job opportunities or lack of
violence pull them to a new place (Anthony 1990). Migration can be thought of as a
predictable process, dependent on and constrained by factors such as social organization
and trading networks and connections (Anthony 1990).
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Archaeological data for Gallina interactions
Though there is little support for trade relationships between the Gallina and other
NRG groups (Cordell 1979a, 1979b; Sleeter 1987), there is evidence for contact with
other, nearby regions. Chaco black-on-white and Chaco corrugated sherds were reported
by Green (1956) as coming from the Archuleta pit house, located on the southwestern
periphery of Gallina country. Borck (2012:Table 1) provides a list of all ceramic types
from outside of the Gallina district that have been located at Gallina sites. He reports that
less than 2.33% of the ceramics from recorded Gallina sites are from elsewhere (Borck
2016:36). Additionally, Ellis (1976) suggested the Gallina were trading perishable items,
but this explanation is unable to account for a dearth of non-perishable trade goods from
the Gallina region other parts of the NRG (Sleeter 1987:100). There is evidence for
Gallina interactions with Mesa Portales and Jones Canyon which are located at the
southern portion of the Gallina district (Borck 2012). Ceramics from these areas indicate
that at least some of the inhabitants were from the San Juan Basin with Chaco influence,
while others were likely Gallina (Elyea 2002, 2005; Myers 2007). Archaeological
evidence for Gallina presence elsewhere within and around the Rio Grande area, after
abandonment, is slim. The items thought to be characteristic of the Gallina people (trinotched axes, pointed bottom pots, small elbow-shaped pipes) are absent throughout the
rest of the NRG/Rio Grande region (Cordell 1979b).
The importance of trade in the context of a regional abandonment is that longdistance migrations are often planned, and people generally go to areas where they have
prior contact, either through trade or other interactions (Anthony 1990). Often in the case
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of large-scale migrations there is evidence for planning through use of scouts:
archaeological evidence should indicate earlier contact in the form of merchants, craft
specialists or mercenaries, or other scout-type groups, “who must have preceded any
significant interregional movement” (Anthony 1990:903). Given the slim evidence for
the Gallina having contact with individuals outside of their homeland, it seems unlikely
that they had trade relationships wherever they decided to move (Anthony 1990; Duff
1998).

Gallina linguistic data
Mera (1935) proposed that there were three waves of immigration which gave rise
to modern Puebloan language groups. He posited that the first wave was from the Gallina
region and occurred after A.D. 1260, and was the cause of the shift from mineral to
organic paint decorated ceramics. Mera placed the Gallina into the Tanoan language
family. The second wave identified by Mera was the movement of the Mesa Verde
people into the NRG. He placed these people into the Keres language group and linked
them with Jemez and Galisteo black-on-white. Mera attributed the appearance of Glaze
ware pottery to a third and final wave.
The Gallina are most frequently assigned to the Towa language group, perhaps
because of their purported ties with the Jemez people (e.g. Ellis 1988; Ford et al. 1972;
Mackey 1977; Wendorf 1954; Wendorf and Reed 1955; Wiseman 2007). Towa, Tewa,
and Tiwa belong to the Kiowa-Tanoan language family (Schillaci and Wichmann 2016),
which is related to some Great Plains languages (Cordell and McBrinn 2016). Towa is
spoken by individuals from the Jemez area, while Tewa and Tiwa are spoken elsewhere
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throughout the Rio Grande Valley (Schillaci and Wichmann 2016:101). These groups are
discussed in further detail below.
Towa. Previous researchers have suggested that Towa was the language spoken
by the Gallina (Hawley 1950; Reed 1950; Wendorf 1954). These individuals have
primarily focused on language patterns and trees. Towa speaking groups are located
around the Jemez area, as well as the now-abandoned pueblo at Pecos (Wendorf 1954).
Interestingly, Mackey (1977:481) found no biological continuity between Pecos and
Jemez. He concluded that Pecos was a unique group, possibly a biological and cultural
isolate, with its own language. Ortman (2010, 2012) found that the Pecos people were
more similar to Mesa Verde groups than to Jemez groups.
Tewa. Ford et al. (1972) posit that the Tewa and Towa shared a common
archaeological history up until around A.D. 700, after which the Tewa and Towa become
distinctive archaeologically. Previous studies have provided evidence for the Tewa
language originating in the Mesa Verde region (Ortman 2009, 2010, 2012). Tewa
speaking pueblos include Ohkay Owingeh (formerly San Juan), Santa Clara, San
Ildefonso, Nambe, Pojoaque, and Tesuque (Mithun 2001). It was also spoken in the
Galisteo area, however, some of these people likely moved to Hano, a Hopi village
(Wendorf 1954). Southern Tewa speakers moved to First Mesa in resistance to Spanish
colonialism around the year 1700 following their participation in the Pueblo revolts in
1680 and 1696, bringing the Tewa language to Arizona.
Tiwa. The Tiwa language is split into two groups: northern, which is located in
the Taos district and southern which extends from modern day Albuquerque to Socorro
(Ford et al. 1972). Ford et al. (1972) agreed that the Tiwa language family originated in
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situ in the Rio Grande Valley, however, they disagreed on how the division into northern
and southern groups occurred. Peckham thought that the Tiwa split as a result of the in
situ development of the Tewa language group, which then pushed the Tiwa into northern
and southern segments, while Ford and Schroeder felt that the Tewa intruded into the
area, causing the split. Reed (1950) argued that Tiwa speakers are the original inhabitants
of the Rio Grande. All Tiwa language group samples in this study are from the southern
Tiwa language group. The Tiwa speaking pueblos include Isleta, Sandia, Taos and
Picuris (Kroskrity 1993; Wendorf 1954).

Other previous studies
In addition to linguistic lines of evidence, ethnohistoric and archaeological studies
suggest Gallina people moved into areas near Jemez and Ponderosa, New Mexico (Ellis
1988; Ford et al. 1972; Mackey 1977; Wendorf 1954; Wendorf and Reed 1955; Wiseman
2007). Ethnographic records hint that the Gallina were massacred, but migration to the
areas near Jemez is the explanation most commonly accepted by non-Gallina
archaeologists (Cordell 1979a, 1979b; Ford et al. 1972; Stuart and Gauthier 1984).
Architectural and ceramic stylistic further support this relationship. Elliott (1994)
indicates that evidence for this move is circumstantial at best, with differences between
architecture, ceramics and settlement patterns in the two areas overlooked and in need of
better explanation. Mackey (1982) concluded that Vallecitos phase sites such as
Vallecitos Pueblo are evolutionarily intermediate between Gallina and later Jemez sites
and that the Gallina people are ancestral to the Jemez people. Wiseman (2007:218) also
examined architectural similarities between Jemez and Gallina villages and found that “a
conclusion about a direct
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relationship between Largo/Gallina and Jemez architecture is unavoidable.” Contrary to
these archaeological and ethnohistoric findings, conducted analyses using craniometric
data and found no biological link between the Gallina and Jemez.
The model of a Gallina migration to Jemez has not been systematically tested
(Borck 2012:24). Borck (2012:25) posits that it is unlikely that the Gallina people went to
a single destination. Other proposed explanations include that the Gallina people are the
source of the Ancestral Puebloan residents of the Chama Valley (Beal 1987; Wendorf
1953) or that they settled at Santa Clara Pueblo (Douglass 1917). Here we evaluate three
non-mutually exclusive hypotheses of possible migratory patterns and areas where the
Gallina may have settled after abandonment of their homeland.
The first hypothesis is that the Gallina people moved primarily to the Jemez area.
If this hypothesis is supported, the Gallina sample should be more biologically similar to
the samples representing populations near the Jemez area. The second hypothesis is that
Gallina people migrated to other areas around the Rio Grande Valley, outside of the
NRG. If this hypothesis is supported, the Gallina sample will be more biologically similar
to the samples from the Middle Rio Grande (MRG). The third hypothesis is that Gallina
people migrated out of the Rio Grande Valley completely. If this hypothesis is supported,
the Gallina sample will be more biologically similar to the samples representing groups
from outside the Rio Grande Valley, such as those from the Mogollon Rim or Northern
Mexico, or those not represented in this study. These hypotheses will be evaluated using
biological distance analyses.
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Materials and methods

Sample descriptions are provided in Table 2.1. Approximate geographic locations
for samples used in this study are provided in Figure 2.1. All samples used in this study
date between A.D. 1050 and 1600. The NRG is represented by samples from Gallina,
Jemez (Unshagi), Pajarito Plateau (Puye and Otowi), and Sapawe. The MRG is
represented by samples from Chamisal, Kuaua, and Pottery Mound. The Cibola district is
represented by the sample from Hawikku. The Mogollon Rim is represented by the
sample from Kinishba, and Paquimé from Northern Mexico represents the Greater
Southwest. The skeletal collections used in this study are housed in the Maxwell Museum
of Anthropology (MMA), Smithsonian National Museum of Natural History (NMNH),
Arizona State University (ASU), and the Arizona State Museum (ASM).
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Table 2.1. Sample Descriptions.
Site N
Gallina 23

Group

Region

Dates

Collection
Location

Gallina

Northern Rio
Grande
Northern Rio
Grande
Northern Rio
Grande
Northern Rio
Grande
Middle Rio
Grande
Middle Rio
Grande
Middle Rio
Grande
Cibola
Arizona
Mountain
Mogollon
Greater
Southwest

1050-1300

MMA

1325-1620

MMA

1250-1590

NMNH

1300-1550

MMA

1300-1600

MMA

1325-1600

MMA

1350-1500

MMA

1400-1540
1200-1400

NMNH
ASM

1130-1450

ASU

Jemez, 59
Unshagi
Pajarito 30
Plateau
Sapawe 18

Towa

Chamisal 13

Tiwa

Kuaua 29

Tiwa

Pottery Mound 44

Tewa
Tewa

Tiwa?

Hawikku 21
Kinishba 56

Zuni
Mogollon

Paquimé 32

Mogollon
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Figure 2.1. Location Map, Map credit: Shelby Magee.
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Biological distances
Dental morphological traits were recorded for 492 adult individuals from New
Mexico and North Mexico by Ragsdale (CR). Genetic differences among populations
were estimated using biological distances based on dental morphological traits. Dental
morphological traits are ideal for analyses over space and time since they are a
phenotypic proxy for genetic variation, and are evolutionarily conservative with mostly
known heritability estimates (Irish 2015; Scott and Turner 2018). Previous related studies
using dental morphological observations have been used to assess migratory patterns in
the American Southwest and Northern Mexico (Durand et al. 2010; Ragsdale and Edgar
2015).
Observations of dental morphological data are standardized through use of the
Arizona State University Dental Anthropology System (ASUDAS) developed by Turner
et al. (1991). The ASUDAS provides an ordinal graded scale by which to score dental
morphological traits (Turner et al. 1991). For this study 39 traits were scored following
the ASUDAS. Data for both sexes was combined, due to dental nonmetric traits lacking
sexual dimorphism (Scott and Turner 2018). Traits were dichotomized for statistical
analysis using breakpoints following Scott and Turner (2018). In some cases, dental
morphological traits cannot be recorded, these include when teeth have been lost or
damaged or exhibit advanced carious lesions and dental wear (Burnett et al. 2013). For
this study, left and right antimeres were scored, with the highest expression of a trait
being used to account for asymmetry (Turner et al. 1991).
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The Mean Measure of Divergence (MMD) is the biodistance statistic chosen for
our analyses. MMD has been successfully used in biodistance studies using different
types of morphological data, for detailed discussion of how MMD is calculated see Irish
(2010) and (Harris and Sjøvold 2004). The MMD is a distance statistic that compares
trait frequencies and counts of observed individuals, accounting for comparisons of small
sample sizes. MMD can be used for estimation of distances between groups with small
sample sizes, as well as for traits with low and high frequencies using the Freeman and
Tukey (1950) transformations. The Freeman and Tukey (1950) transformation accounts
for high (≥0.95) and low (≤0.05) frequencies in traits, even with very small sample sizes.
Negative MMD values indicate little or no difference between groups (Harris and Sjøvold
2004; Irish 2010). For this study, negative MMD values were converted to “0” as
suggested by other researchers (Harris and Sjøvold 2004; Relethford et al. 1997). One
limitation with the MMD is that is assumes a lack of correlation between traits, this
means that MMD often requires that correlated traits be deleted and excluded from
analysis (Irish 2010).
Due to this shortcoming, a tetrachoric correlation, which is suited to calculations
of correlations for binomial data, was calculated to determine which inter-correlated traits
should be removed in order to calculate the MMD (Hallgrímsson et al. 2004; Hanihara et
al. 2008). Correlated traits are removed due to the potential for the application of
“differential weighting of the underlying dimensions may yield erroneous results” (Harris
and Sjøvold 2004; Irish 2010:380). Additionally, highly correlated traits do not provide
“substantial” information to the analysis (Hallgrímsson et al. 2004:263). For this analysis,
only three traits (upper lateral incisor shoveling and upper first and second molar cusp
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number) were removed prior to final analysis due to inter-trait correlations. Prior to the
calculation of the tetrachoric correlation, dental traits with similar frequencies of
expression were removed, as they do not represent variation between groups. Principal
component analysis (PCA) was used to create a visual representation of MMD results.

Linear discriminant analysis
Linear discriminant analysis (LDA) was used to examine individual level phenetic
similarity. LDA is used to create a linear combination of variables which can best
separate between groups or classes (Cleary and Angel 1984; Sayad 2017; Webb and
Copsey 2011). LDA was calculated using the dichotomized dental morphological data.
Traits which were highly correlated were removed from these analyses. Trait editing
resulted in 19 of the original 39 traits being included in LDA. LDA analyses were
performed in RStudio (RStudio Team 2016) using the MASS package. Two-dimensional
plots were created to graphically assess relationships among individuals as well as
samples. While LDA was performed for all groups, results presented in this paper are for
reduced groups, which were chosen using the results of MMD and PCA.

Results
MMD results are provided in Table 2.2. The MMD results show that the Gallina
sample is more similar to the MRG samples from Chamisal, Kuaua, and Pottery Mound,
which all have scores below 0.1. The Gallina are not similar to the samples from
Paquimé, Hawikku, Jemez, and Pajarito Plateau. The results of the three-dimensional
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PCA are provided in Figure 2.2. The three axes of this plot account for 91.95% of the
variation. The Gallina cluster with Chamisal and Pottery Mound on all three components
(PC1, PC2, and PC3). Kuaua, Sapawe and Kinishba are also close to this cluster. The
Jemez sample is close to the center of the plot, and relatively far from Gallina on all three
components. Pajarito Plateau and Hawikku cluster further away from all the samples,
primarily on component 1.
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Table 2.2. Mean Measure of Divergence Results.
GAL
JEM
CHA
KUA
POT
HAW
PAJ
SAP
KIN
PAQ

GAL
0
0.213
-0.053
0.067
0.024
0.325
0.237
0.198
0.132
0.246

JEM
0.213
0
0.127
0.188
0.154
0.246
0.246
0.152
0.176
0.242

CHA
-0.053
0.127
0
0.055
-0.014
0.291
0.168
0.091
0.126
0.270

KUA
0.067
0.188
0.055
0
0.042
0.344
0.229
-0.020
0.039
0.074

POT
0.024
0.154
-0.014
0.042
0
0.234
0.168
0.113
0.104
0.220

HAW
0.325
0.246
0.291
0.344
0.234
0
-0.014
0.334
0.392
0.394

PAJ
0.237
0.246
0.168
0.229
0.168
-0.014
0
0.274
0.351
0.305

SAP
0.198
0.152
0.091
-0.020
0.113
0.334
0.274
0
0.032
0.211

KIN
0.132
0.176
0.126
0.039
0.104
0.392
0.351
0.032
0
0.325

PAQ
0.246
0.242
0.270
0.074
0.220
0.394
0.305
0.211
0.325
0

GAL = Gallina; JEM = Jemez, Unshagi; CHA = Chamisal; KUA = Kuaua; POT = Pottery
Mound; HAW = Hawikku; PAJ = Pajarito Plateau; SAP = Sapawe; KIN = Kinishba; PAQ =
Paquimé.

Figure 2.2. 3D PCA results. GAL = Gallina; JEM = Jemez, Unshagi; CHA = Chamisal;
KUA = Kuaua; POT = Pottery Mound; HAW = Hawikku; PAJ = Pajarito Plateau; SAP =
Sapawe; KIN = Kinishba; PAQ = Paqiumé.
LDA results only include sites from New Mexico (Figure 2.3), in part because
MMD analysis demonstrated that the Gallina sample is biologically more distant from
non-New Mexico samples. LDA was calculated for Paquimé and Kinishba, this
demonstrated that they were out of the range of variation for the other sites. Linear
discriminants 1 (LD1) and 2 (LD2) account for 67.2% of the variation. Gallina and
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Chamisal are virtually indistinguishable, clustering mainly with individuals from Pottery
Mound and Kuaua. Interestingly, individuals from Pottery Mound overlap with several
samples. This is not surprising, as Pottery Mound is a diverse site likely inhabited by
more than one group of people, as reflected by pottery and kiva murals there (Schaafsma
2007). Very few individuals from Jemez cluster with the Gallina and Chamisal in the
LDA.

Figure 2.3. LDA Results. Gallina = G; Jemez, Unshagi = J; Kuaua = K; Pottery Mound =
P; Sapawe = S.

Discussion

Our results do not support the first hypothesis, that the Gallina people remained in
the NRG. There is relatively low biological similarity among the Gallina sample and the
other NRG groups (Jemez, Pajarito Plateau, or Sapawe). Instead, they provide evidence
for Gallina people having left the NRG. The results of the MMD and the LDA support
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the second hypothesis that at least some Gallina people migrated to other areas around the
Rio Grande Valley. The Gallina sample was most biologically similar to the samples
from Chamisal, Pottery Mound, and Kuaua samples. Gallina and Chamisal individuals
cluster closely together, along with some individuals from Pottery Mound. A plausible
explanation is that some Gallina traveled further south along the Rio Grande than
originally thought, eventually settling in the MRG areas.
Our results only partially support the third hypothesis, that Gallina people migrated
from the Rio Grande Valley. The MMD, PCA, and LDA provide little evidence for
Gallina peoples having left the Rio Grande Valley. Although the Gallina sample is more
biologically similar to the sample from Kinishba than others from around New Mexico
(Hawikku and Jemez), there is no similarity between the Gallina and Paquimé samples.
These results suggest some migrants, albeit very few, may have left the Rio Grande
Valley entirely, but the majority of the Gallina most likely migrated to the MRG.
Additionally, the results of our analyses provide no support for the hypothesis that
Gallina dispersed throughout the NRG, instead it appears that they left the NRG to settle
elsewhere along the Rio Grande. If Gallina people did move to areas outside of the Rio
Grande Valley, the samples included in this study are not demonstrative of this. Future
analyses with more samples will be useful in further evaluating these relationships.
Our results parallel those of Mackey (1977), in the finding of little to no biological
continuity between the Jemez and Gallina groups. If the Gallina did in fact have hostile
relations with the Jemez, these results make sense in the context of their reported
intergroup relationships (e.g. Roberts 1996). Our findings also do not lend credence to a
hypothesis that the Gallina people stayed in the NRG upon abandonment. It is possible,
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based on our results that they settled in the MRG, outside of modern-day Albuquerque,
future analysis including more samples from other regions is needed to evaluate this
further.
The similarity between Gallina and Chamisal is particularly interesting. Chamisal
dates from A.D. 1275 to 1650 (Sargeant 1985). The founding date of this site coincides
with the approximate time period that the Gallina district was abandoned. Additionally,
while we cannot directly test which language group the Gallina people belonged to, our
results demonstrate that it is possible that they inhabited the area surrounding Chamisal
Pueblo, which has been attributed to the Tiwa language group (Sargeant 1985, 1987).
Sargeant (1985) reported that Chamisal may be one of the Tiwa Pueblos described by
Spanish Conquistadors. These temporal and linguistic relationships, as well as the
biological similarities demonstrated in this study, could indicate that the Gallina peoples
contributed to the initial settlement of Chamisal Pueblo. More biological and
archaeological data is necessary in further evaluating this relationship.

Conclusions

Our analyses show that at least some Gallina people likely moved further south
than originally thought. They do not provide evidence for the Gallina being present in the
Jemez area, as suggested by a few previous researchers (Ellis 1988; Ford et al. 1972;
Mackey 1977; Wendorf 1954; Wendorf and Reed 1955; Wiseman 2007). Our findings
support migrations of the Gallina to the MRG. It is also possible that they not only moved
to Chamisal, but also may have aided in establishment of the pueblo. This is supported in
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two ways. First, Chamisal’s dates postdate the abandonment of the Gallina district.
Second, there is biological continuity between the Gallina and Chamisal samples as
demonstrated by our analyses. It is further possible that these migrants may have
interacted with people from places such as Kuaua and Pottery Mound, as supported by
biological similarities between the Gallina sample and these groups.
It is possible that at least part of the similarity between the Gallina sample and
those from Kuaua and Pottery Mound is due to a shared genetic origin dating to before
the occupation of the Gallina settlement. Many of the samples used in this analysis share
a recent genetic origin, but do not cluster together in the biological distance analyses.
Though we cannot rule out biological similarities based on genetic origin completely, our
results support migration and additional genetic similarity between the Gallina people
and the populations in the MRG. Incorporating more samples representing likely shared
genetic origins prior to the occupation of the Gallina pueblo will be helpful in further
evaluating these findings in the future.
Future research will also expand our samples to include more groups from around
New Mexico, and hopefully Arizona and Colorado. The Gallina people have historically
been considered to be detached from Ancestral Puebloan social and economic networks
and thought of as a cultural and biological isolate. Our results suggest that the Gallina
people were integrated to some extent into such networks, which may have facilitated
migration to areas outside the NRG. It is important to note that hostile relationships
inferred from other data sources with some nearby groups, such as the Jemez and Pajarito
Plateau, coincide with further biological distances (Roberts 1996; Stanerson 2011, 2012).
These social pressures, combined perhaps with relatively friendly, economic relationships

78

in the south, may have provided motivation for Gallina migrations. In general, we suggest
the Gallina were not a cultural or biological isolate. We also suggest that a holistic
approach, combining archaeological, linguistic, and biological data is critical in
evaluating these relationships.
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Indicators of Stress and their Association with Frailty in the Precontact Southwestern United States

This chapter examines skeletal and dental indicators of health and stress in the
total sample of 335 human skeletal remains analyzed for this study. Understanding these
patterns is necessary prior to addressing health and stress in individual outliers. This
chapter also addresses issues outlined in the osteological paradox by examining frailty
and hidden heterogeneity in risk in the entire sample through the consideration of
mortality risk in individuals with different lesion statuses.

Introduction

Individual longevity is a complex phenotype impacted by a variety of factors
including genetics and epigenetics, environmental exposures, and nutrition (Vidacek et
al. 2017; Yashin et al. 2018). Physiological disturbances (stressors) suffered in early life
have been linked with increased mortality risks, earlier ages of death, and increased
disease load in people later in life (Armelagos et al. 2009; Barker 1995; Barker et al.
1993; Barker and Osmond 1986; Barker et al. 1989; DeWitte 2014a). In human skeletal
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remains, lesions indicative of physiological disturbance have been found to indicate
individual frailty or relative robusticity to insult based on their status (active, healed,
absent) (DeWitte 2014a; Ham 2018).
Indicators of skeletal and dental stress commonly reported (as frequencies) in the
literature are: cribra orbitalia (CO), porotic hyperostosis (PH), infection, periostosis, and
linear enamel hypoplasia (LEH) (Akins 1986; Berry 1984; Danforth et al. 1994; Denton
2013; East 2008; El-Najjar et al. 1976; Hinkes 1983; Mirazón Lahr and Bowman 1992;
Morgan 2007; Palkovich 1987; Schultz et al. 2007; Stodder and Martin 1992). These
lesions are often associated with nutritional deficiencies or stresses incurred during
growth and development (Goodman et al. 1980; Larsen 2015).
Nutritional deficiencies in a relatively reliant on maize are thought to be
associated with the presence of PH and CO. However, Ancestral Puebloans had a varied
diet that included agricultural products including maize, beans and squash that was
supplemented through hunting, gathering wild plants, and fishing (Malville 1997; Stodder
1990). Diet has also been linked to increased zoonotic parasites and anemia in the
American Southwest (Reinhard 1985, 1992; Reinhard and Bryant 2008; Reinhard and
Clary 1986). Parasites can trigger diarrhea, and this was a likely cause of anemia in past
groups (Reinhard 2008). CO and PH are often reported together, as a linked indicator of
systemic stress (Blom et al. 2005; Larsen 2015; Stuart-Macadam 1991). While these
lesions have historically been associated with iron-deficiency anemia, recent studies
indicate that CO and PH may have different etiologies from each other, and neither is
necessarily indicative of iron-deficiency anemia (Kent 1986; Rivera and Mirazón Lahr
2017; Walker et al. 2009). Instead, they may be related to megaloblastic anemia from
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depletion of vitamin B12 (not enough B12 in breast milk) and unsanitary living
conditions due to population aggregation (Kent 1986; Walker et al. 2009).
In a recent study, Rivera and Mirazón Lahr (2017) reported that CO and PH have
different etiologies. Additionally, while PH is associated with marrow expansion and
does seem to be caused by anemia, CO is associated with inflammation rather than bone
marrow expansion (Wapler et al. 2004). CO occurs in cases of chronic illness, including
anemia associated with chronic disorders such as renal failure; the end stages of this
disease are associated with hypoplastic bone marrow (Rivera and Mirazón Lahr 2017).
Renal failure has high mortality rates if left untreated, so active CO lesions in
infants/children would be consistent with a chronic, fatal disease (Rivera and Mirazón
Lahr 2017).
Due to the links among PH, CO and LEH and nutritional deficiencies and stress
during growth and development, they provide information about individual frailty
(DeWitte and Stojanowski 2015). In a recent study, Rivera and Mirazón Lahr (2017)
reported that CO and PH have different etiologies. Additionally, while PH is associated
with marrow expansion and does seem to be caused by anemia, CO is associated with
inflammation indicating a potentially different etiology (Wapler et al. 2004). CO occurs
in cases of chronic illness, including anemia associated with chronic disorders such as
renal failure, the end stages of this disease are associated with hypoplastic bone marrow
(Rivera and Mirazón Lahr 2017). Renal failure has high mortality rates if left untreated,
so active CO lesions in infants/children would be consistent with a chronic, fatal disease
(Rivera and Mirazón Lahr 2017). Whatever the cause, frequencies of anemia as defined
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by the presence of CO and/or PH lesions in individuals under 10 years old have a range
of 15-88% in sites throughout the American Southwest (Stodder and Martin 1992).

Health, Stress, and Frailty
Health is difficult to define, even in living people (DeWitte and Stojanowski
2015:399), making it doubly difficult to define in the dead. Health “is a complex process
that includes skeletal indicators of stress, but also the impact of these processes on human
life history and individual perception… the relationship between skeletal indicators of
stress form an imperfect and perhaps contradictory relationship with population health”
(Temple and Goodman 2014:190). Health is a primary component in quality of life;
resulting from political and economic forces, genetic and epigenetic predisposition.
Health is also a cultural construct influenced by behavior, ideology, and social
organization (Klaus 2008:4). Disease is not the only component of health, so are and
individual’s mental and social well-being (Reitsema and McIlvaine 2014; W.H.O. 2003).
Because health is a composite of nutrition, disease and other factors, multiple indicators
of dental and skeletal stress must be used to gain a comprehensive understanding of stress
and its effects on health (Buikstra and Cook 1980; Goodman and Armelagos 1989; HussAshmore et al. 1982; Larsen 2015). Stress is a physiological disruption or perturbation
resulting from the interactions between environmental constraints, cultural systems and
host resistance (Goodman and Armelagos 1989; Goodman et al. 1984a; Goodman and
Martin 2005; Larsen 2015). The physiological process of stress cannot be directly
measured in skeletal remains, however changes in the skeleton can be used to infer the
presence of stress.
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A conundrum known as the Osteological Paradox highlights several issues that
can arise from the analysis of skeletal remains. One of the problems is that skeletal
samples represent non-survivors, and so may not accurately represent the living
population (Wood et al. 1992). We only have a sample of individuals who died at a
certain age, not the entire group of people who were at risk of death and illness at a
certain age (selective mortality). Other difficulties arise with the identification of cohorts,
which are groups that share a certain trait, such as birth year (Angel 1969; Roksandic and
Armstrong 2011). Additionally, skeletal samples are made up of people who vary in their
underlying frailty. Frailty is an individual’s relative risk of morbidity and mortality when
compared to other members of the group or population (DeWitte 2010; Vaupel et al.
1979). This hidden heterogeneity in risks could be due to a variety of causes including:
genetics, epigenetics, and socioeconomic situations (Wood et al. 1992). One possible
interpretation of hidden heterogeneity in risks is that individuals exhibiting stress-related
skeletal changes might represent a healthier (less frail) segment of society, while
individuals with no lesions may have been exceptionally frail (Wood et al. 1992).
Recent studies have examined frailty through periosteal lesion status (e.g. absent
or healed) and its relationship to mortality (DeWitte 2014a; Ham 2018). These studies
generally find that active lesions indicate increased frailty while healed lesions are
indicative of decreased frailty. DeWitte (2014a) linked a survival advantage to
individuals with healed periosteal lesions when compared with individuals with active or
no lesions at all. It is possible that active lesions indicate an acute, fatal illness, while
healed lesions are indicative of prolonged, but less life-threatening disease process
(DeWitte 2014a).
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The majority of the studies examining frailty have focused upon European
samples. However, a recent thesis focused on two sites from the U.S. Southwest, Pueblo
Bonito and Hawikku (Ham 2018). This work shows that individuals from Hawikku who
had linear enamel hypoplasia were more frail: they had a lower mean survival time
(32.89 years) than individuals without LEH (40.23 years) (Ham 2018:94). Ham also
linked healed tibial periosteal lesions with a healthy immune response.

The Barker Hypothesis and the Developmental Origins of Health and Disease (DOHaD)
Studies that address frailty and hidden heterogeneity in risks through use of
skeletal and dental non-specific indicators of stress can also address the Barker
hypothesis and Developmental Origins of Health and Disease (DOHaD). The Barker
hypothesis or fetal origins hypothesis grew from an observation that low infant birth
weight correlates with adult death rates, increased incidence of cardiovascular diseases
and type 2 diabetes (Barker 1995; Barker et al. 1993; Barker and Osmond 1986).
The Barker hypothesis posits that health or ill-health in adulthood cannot be
simply attributed to lifestyle during adulthood or genetic predisposition: events that take
place early in life and in utero play a role in the development of chronic diseases in later
life (Gluckman and Hanson 2006; Hanson and Gluckman 2008). Barker and colleagues
postulated that malnutrition during fetal gestation contributes to low infant birthweight
and adult cardiac issues (Barker et al. 1989). The DOHaD developed from the
observations made by the Barker hypothesis (Swanson et al. 2009) in order to “recognize
the broader scope of developmental cues, extending from the oocyte to the infant and
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beyond, and the concept that the early life environment has widespread consequences for
later health” (Gillman et al. 2007:625).
People are differentially susceptible to disease and death (frailty); the DOHaD
and Barker hypotheses suggest that this is due to events that happened prior to birth and
in early life. Enamel hypoplasias (EH) have been associated with increased frailty and
mortality risks. Armelagos et al. (2009) found that individuals who survived early life
stress as evidenced by two or more enamel hypoplasias, died, on average, ten years
earlier than individuals without hypoplasias. LEH has also been found to be associated
with elevated mortality in individuals who died during famine; but was not associated
with increased mortality in non-famine conditions in the same group (Yaussy and
DeWitte 2018).

Predictions

The present study examines differential survival and frailty in Ancestral
Puebloans through testing whether healed lesions are associated with decreased mortality
risks and lower frailty as well as whether active lesions are associated with increased
frailty. This study focuses on PH and CO lesions due to their common association with
anemia (El-Najjar et al. 1976; Walker et al. 2009; Wapler et al. 2004) and recent studies
(Rivera and Mirazón Lahr 2017; Walker et al. 2009) indicating different etiologies of
these two lesion types. Infection’s impact on mortality risk is also examined, due to its
association with increased sedentism and population aggregation (Kent 1986), conditions
that many individuals included in this study would have experienced. I also examine the
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association between LEH and mortality risk within this group of people. As LEH
represent early life/in utero insults to health and well-being, they can be used to infer
impacts of the DOHaD.
I address the following predictions:
P1) If active lesions are associated with increased frailty, then individuals with active or
no skeletal lesions, regardless of lesion type, will exhibit greater frailty than individuals
with healed lesions. Conversely, individual with healed lesions will exhibit decreased
mortality. Thus, individuals with active or no lesions are expected to have higher
mortality risk and earlier ages of death than people with healed lesions.
P2) If PH and CO have different etiologies, and CO is indicative of more severe
underlying health issues, see Rivera and Mirazón Lahr (2017); then individuals with PH
will be less frail than individuals with CO.
P3) If individuals with LEH are more frail than individuals without LEH, then individuals
with LEH will have higher mortality risk and earlier ages of death than people with no
LEH.

Materials and Methods

This study includes three hundred and thirty-five individuals from sites around
New Mexico dating mainly to the PIII and PIV periods (Table 3.1). All individuals
included come from sites that antedate Spanish contact. The majority of these sites were
excavated prior to the 1980s. Individuals included in this study are housed in the
Maxwell Museum of Anthropology, Laboratory of Human Osteology, in Albuquerque
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New Mexico and the Office of Archaeological studies in Santa Fe, New Mexico. The
author collected all of the data. Each repository where remains are held conducted
consultations on my behalf, in accordance with each agency’s policies.
These data were collected as part of a project examining dentitions and a
sampling requirement was that individual dentitions had to be relatively complete for
biodistance analysis. Thus, results reported here come from the sub-sample of all
individuals from each site that had dentition preserved well enough to be included in
those analyses.
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Table 3.1. Sites included in this study, with dates, locations and number of individuals
from each site.
Site

Dates

Location

n

700-1375†

Mogollon

9

800-1325

San Juan
Basin

27

Chaco Research Archive
(2018)

1200/12751400

Middle Rio
Grande

24

Sargeant (1985)

900-1300

Northern Rio
Grande

46

Constan (2011)

1250-1350
/1300-1450

Rio Abajo
District

13

Kuaua (LA 187)

1350-1700

Middle Rio
Grande

61

La Plata (LA 37592, 37593,
65029, 65030)

1075-1300

Totah

27

Mimbres (LA 635, 676,
12076, 15044, 15075)
Pottery Mound (LA 416)

1050-1300

Mogollon

19

Adams and Duff
2004a; Stuart and
Gauthier (1981)
Adams and Duff
(2004a); Cordell
and McBrinn (2016)
Adler (1996); Ortman
(2012); Toll (2008); Toll
and Akins (2012);
Wilshusen and
Glowacki (2017)
ARMS (2018)

1300-1500

30

Puaray (LA 326)

1300-1600

Middle Rio
Grande
Middle Rio
Grande

Sapawe (LA 306)

1300-1550

Northern Rio
Grande

22

Tijeras (LA 581)

1262-1395

24

Yunque (LA 59)

1250-1610/
1275-1600

Middle Rio
Grande
Northern Rio
Grande

Angus (LA 2315, 16297,
16300)
Chaco (small sites: LA
2464, 2469/70, 40394-397,
40399)
Chamisal (LA 22765)
Gallina (LA 641, 649,
11633, 22861, 31746, 35648,
61568, 61569, 61578, 61580)
Gallinas Springs (LA
1178/1180)

22

11
335

Total

89

Reference for Site
Dates
ARMS (2018)

Adams and Duff
(2004a); Ortman (2012)
Adams and Duff
(2004a); Cordell and
Habicht-Mauche
(2012); Ortman (2012)
Adams and Duff
(2004a); Cordell and
Habicht-Mauche (2012);
Ortman (2012)
Ortman (2012)
Adams and Duff
(2004a); Adler (1996);
Ortman (2012)

Sex and Age
Sex and age were estimated following Standards for Data Collection from Human
Skeletal Remains (Buikstra and Ubelaker 1994), but additional age estimates for adults
were performed following Buckberry and Chamberlain (2002). Adult individuals who
were scored as “possible” males and females were collapsed into the categories “male”
and “female” for analyses. Having done this, there are 75 females, 81 males, and 20
adults of unknown sex. Adults of unknown sex were excluded from sex specific analysis.
As sex cannot be reliably estimated from skeletal remains prior to puberty (without
aDNA), there are 159 subadults with unknown sex.
Age in adults was estimated using transition analysis (Boldsen et al. 2002). This is
a Bayesian method that uses a uniform posterior prior and estimates the probability of
making the transition from one age stage to the next (Boldsen et al. 2002). Here,
transition analysis was used for skeletal indicators of age from the auricular surface,
pubis and cranial sutures. Transition estimates were done using ADBOU
(Anthropological Database, Odense University) software version 2.1.046 (Ousley 2016).
For adults who were not sufficiently complete for transition analysis, age-estimates based
on degenerative processes (dental wear, osteoarthritis/porosis, other evidence of skeletal
degeneration) were used. Individuals were then assigned the midpoint age of this
estimated age range for some analyses. In the case of juveniles, age was estimated
through dental (AlQahtani et al. 2010) and skeletal development (Baker 2005; Scheuer
and Black 2000) and sex was not estimated due to inaccuracy of available methods
(O’Donnell et al. 2017; Scheuer 2004; Scheuer and Black 2000; Vlak et al. 2008).
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Table 3.2 provides the age class distributions for the entire sample; all analysis
results presented here are from transition analysis age estimates. Estimates made with
traditional age estimates with the same results.
Table 3.2. Age class distributions.
Age Class (Transition)
1 (0-4.9)
2 (5.0-14.9)
3 (15.0-24.9)
4 (25.0-34.9)
5 (35.0-44.9)
6 (45+ years)

n
100
59
51
47
29
49

Indicators of Health and Stress
I collected four indicators of systemic stress following Standards for Data
Collection from Human Skeletal Remains (Buikstra and Ubelaker 1994) as well as
Steckel and Rose (Steckel and Rose 2002; Steckel et al. 2005):
1. Enamel hypoplasias (EH) are growth disruptions due to physiological stress that
present as deficiencies in the thickness of enamel that occur when enamel matrix
secretion is disturbed (Goodman et al. 1980, 1984a; Goodman et al. 1984b;
Goodman and Rose 1990; Hillson 1996). Hypoplastic defects are often arranged
in a band around the crown of the tooth (Hillson 1996), even though they can take
a variety of forms. Higher rates of LEH are found in groups that are malnourished
and has been found to co-occur with infections and reduced growth (Goodman
and Rose 1990; Klaus and Tam 2009; Lukacs et al. 2001a; Skinner et al. 2014).
The dentition is more resistant to stress than other skeletal components; as such
EH can provide a conservative estimate of population health (Cardoso 2007).
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LEH were scored as present or absent and for this study presence of LEH on any
teeth, including posterior teeth are included. LEH had to be observable with the
naked eye or at 10x magnification to be scored as present. In juveniles, LEH were
recorded for all observable teeth; for all individuals, save one, the only teeth with
LEH observable were permanent. One juvenile individual had LEH present on all
deciduous anterior teeth, this individual was included in the results presented
here, as analyses were run with and without them and results are unchanged.
2. I identified infection in several ways. One way was through evidence for
osteomyelitis, which is characterized by “exuberant proliferation of both
endosteal and periosteal bone surfaces” (Larsen 2015:83). Osteomyelitis results
from infection of the bone and bone marrow, either through the bloodstream
(introduction of pyogenic [pus-producing] bacteria) or through viruses, fungi and
parasites introduced through trauma, or adjacent soft tissue infections (Ortner
2003:2; Waldron 2009). Osteomyelitis was only identified if accompanied by
cloaca. Periosteal lesions that were bilaterally present and more widespread
throughout the skeleton were also scored as infection (Larsen 2015; Weston
2012). When periosteal lesions occur due to trauma, they are often localized or
smaller areas of reactive bone (Larsen 2015). Periosteal reactions are often
indicated by abnormal bone deposits and woven bone (Ortner 2003; Ubelaker and
Pap 2009). For the purposes of the current study, cases with only tibial periosteal
lesions (and no evidence of osteomyelitis or other reactive bone) were excluded
from analyses of infection due to their multitude of possible causes including:
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infection, trauma, “or virtually anything that disrupts the periosteum” (Larsen
2015:86; Weston 2012). See Appendix 2, Figures A2.1 through A2.3 and Tables
A2.7 through A2.12 for Kaplan-Meier survival analysis results for tibial
periostosis.
3. PH is defined as “any porous enlargement of bone tissue” (Ortner 2003:55). It is
characterized by thickened bones of the cranial vault that have new bone growth
and a porous surface (Ortner 2003). PH is thought of as a general indicator of
stress and can be caused by myriad factors including diseases, anemia, irondeficiency, and parasites (Kent 1986; Ortner 2003; Steckel and Rose 2005;
Steckel et al. 2002). PH was scored as present if observable bilaterally on the
parietals or if it was present on the occipital. Lesions that were present unilaterally
(i.e. on one parietal only) were recorded separately and not analyzed in this study.
4. CO is a lesion similar to PH, but it is located in the eye orbits (Aufderheide and
Rodriguez-Martin 1998). It is characterized by sieve-like lesions or pitting in the
roof of the eye-orbit (Šlaus 2000). CO is probably representative of insults that
occurred during the first four years of a person’s life (Watts 2013). CO was
scored as present if observed bilaterally in the orbital vault.
Here, ‘lesion’ refers to any of the skeletal manifestations of stress (PH, CO, or
infection). Lesions were scored as: 1) healed (organized, undulating, smooth and/or
thickened [Ortner et al. 2001; Weston 2008:52]); 2) active (disorganized, porous, sharpedged, new bone [Larsen 2015; Ragsdale et al. 1981]); 3) absent (no evidence of lesions
active or healed). In the case of active lesions, any amount of activity, even if there was
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evidence of healing (mixed lesions) was scored as active. In some cases, usually due to
the addition of preservatives to bone, lesion status was not observable, thus there are
occasional discrepancies between number of individuals scored for, for example infection
and the number of individuals with infection status (active, healed).

Analytical Methods
Preliminary analyses (chi-squared, uni- and multi-variate regressions) were
executed to examine sex, age, and site-specific trends in indicators of stress. Linear and
logistic regressions were estimated in STATA11. Age-specific odds ratios (OR) were
estimated following Klaus (2008:370) and apply a six-age class system, (1: 0-4.9 years;
2: 5.0-14.9 years; 3: 15.0-24.9 years; 4: 25.0-34.9 years; 5: 35.0-44.9 years; 6: 45 years
and older). Common OR can be retrieved from the logit function in this program.
OR were calculated to evaluate differentials in lesion presence and absence
between age classes and sexes. OR lend themselves to examination of conditions such as
CO and infection because they can be used for presence/absence data. OR are commonly
used in epidemiological studies to measure the association between an exposure (also
called a risk factor: e.g. smoking) and an outcome (e.g. lung cancer) (Schmidt and
Kohlmann 2008). Odds is the ratio of individuals with a given characteristic or outcome
and those without it within a population (Prasad et al. 2008:636; Szumilas 2010:227).
Interpretation of OR results are as follows: 1) OR= 1 indicates that there is no difference
in the odds of having a disease between people exposed to a risk factor and those not
exposed; 2) OR < 1 indicates that the odds of having a disease are lower in people
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exposed to the risk factor when compared to those not exposed to it; 3) OR > 1 indicates
that the odds of having a disease are higher in people exposed to the risk factor when
compared with people not exposed to it.
Kaplan-Meier Survival analysis was done for the entire sample as well as for the
sample divided by age and sex in order to assess differential mortality and frailty.
Kaplan-Meier survival analysis curves, restricted mean ages of survival, and median
survival time were estimated in STATA11. In this study, the median age of death may be
a better representation of the trends in survival time because of smaller sample sizes for
certain lesion types, but median and mean survival time are expected to generally reflect
the same overall pattern. Kaplan-Meier is used to calculate differential survival times
(risk of failure [death]) within a sample (time to failure [death] event) (Kaplan and Meier
1958). The probability of failure is presented on the y-axis and the age-at-death (analysis
time) is presented on the x-axis. For this study, the impact of lesion status (no lesion [0],
healed lesion [1], active lesions [2]) on mortality risk was examined using Kaplan-Meier
in a manner similar to DeWitte et al. (2016:4).
Survival analysis was done for the pooled sample and then for individuals less
than 19 and over 19 years of age. This examined whether or not there are differences in
survival between the overall observed pattern and the sub-samples based on age. The age
of 19 was chosen as a cut-off due to its representation of the end of teen years and to
separate younger people from older people within the sample. A non-parametric test (the
log-rank test) for the equality of survivor functions and appropriate for two or more
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groups was used; it compares expected vs. observed number of failures in each group and
results are a chi-squared value as well as a p-value.

Results

No significant differences in the presence or absence of lesions or lesion status
was found between males and females Table 3.3, so results presented are for pooled data.
See Table 3.4 for OR for stress indicators by age class. Additionally, no significant
differences in mortality risk were found between the sexes when using 19 years of age or
older as the cut-off, so survival analysis was done with sexes pooled.

Table 3.3. Odds-ratios, standard error, confidence intervals and p-values for logistic
regressions of CO, PH, infection, LEH (each as the dependent variable) and sex. These
analyses do not include adults of unknown sex.
Sex: Stress Indicator
Sex: CO presence/absence
Sex: CO lesion status
Sex: PH presence/absence
Sex: PH lesion status
Sex: Infection
presence/absence
Sex: Infection lesion status
Sex: LEH

OR

Robust Standard
Error
1.6 0.86
1.7 0.88
0.77 0.28
0.8 0.29
1.2 0.49

95% Confidence
Interval
0.59
4.6
0.59
4.7
0.37
1.6
0.39
1.6
0.52
2.7

pvalue
0.35
0.33
0.47
0.54
0.52

n

1.3
1.2

0.66
0.62

0.47
0.59

139
144

0.43
0.41
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2.5
2.4

105
104
126
125
142

Table 3.4. Odds-ratios, standard error, confidence intervals and p-values for logistic
regressions of CO, PH, infection, LEH (each as the dependent variable) and age class.
Age Class definitions: 1: 0-4.9 years; 2: 5.0-14.9 years; 3: 15.0-24.9 years; 4: 25.0-34.9
years; 5: 35.0-44.9 years; 6: 45 years and older.
Age Class:
OR
Stress Indicator
Age Class 1
Age Class 2
Age Class 3
Age Class 4
Age Class 5
Age Class 6
Age Class 1
Age Class 2
Age Class 3
Age Class 4
Age Class 5
Age Class 6
Age Class 1
Age Class 2
Age Class 3
Age Class 4
Age Class 5
Age Class 6
Age Class 1
Age Class 2
Age Class 3
Age Class 4
Age Class 5
Age Class 6

Robust
95%
Standard
Confidence
Error
Interval
Age-Class: CO
4.5
1.43
2.4
8.4
1.2
0.53
0.53
2.9
0.32
0.18
0.10
0.9
0.29
0.16
0.09
0.9
0.39
0.23
0.13
1.2
0.58
0.27
0.23
1.4
Age-Class: PH
1.7
0.45
1.0
2.8
0.57
0.20
0.29
1.1
0.89
0.31
0.44
1.8
0.58
0.22
0.28
1.2
0.92
0.39
0.39
2.2
1.4
0.53
0.71
2.9
Age-Class: Infection
1.6
0.46
0.90
2.8
0.76
0.29
0.36
1.6
0.80
0.32
0.37
1.8
0.49
0.23
0.19
1.2
1.2
0.58
0.50
3.1
1.6
0.44
0.55
2.5
Age-Class: LEH
0.1
0.06
0.04
0.3
1.9
0.38
0.65
2.2
1.8
0.60
0.93
3.5
2.5
0.86
1.23
4.9
1.3
0.51
0.56
2.8
0.6
0.21
0.30
1.2

p-value

n

0.00
0.62
0.04
0.03
0.11
0.19

207

0.05
0.12
0.73
0.15
0.85
0.32

264

0.11
0.46
0.59
0.13
0.64
0.68

298

0.00
0.56
0.08
0.01
0.58
0.13

245

Cribra Orbitalia
There are significant differences between age classes in CO presence/absence
(χ2=28.4, p < 0.001): individuals in Age Classes 3 and 4 are less likely to have lesions
present than individuals in other age classes. Individuals in Age Class 1 are more likely to
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have CO lesions present than individuals in other age classes. Survival curves (Figure
3.1, A) for the entire sample demonstrate that individuals with active CO lesions “exit”
(die) earlier than individuals with healed or absent lesions (Table 3.5). Individuals with
healed and active lesions have roughly the same probability for death. There are also
significant differences between survival curves for a restricted sample with only
individuals under 19 years of age included (Figure 3.1, B; Table 3.5). The results here
show that individuals with healed lesions die earlier than individuals with no CO lesions,
a result hinting that having CO is indicative of a more severe health issue. For individuals
over 19 (Figure 3.1, C), there is no significant difference in survival time between
individuals with healed or absent CO lesions.
Results for the median age of survival (Table 3.6) show that fifty percent of
individuals with healed lesions had died by age 27.9 while fifty percent of individuals
with no lesions had died by 24.5. This result seems to be contrary to the Kaplan-Meier
graphs and restricted mean age at death (Table 3.5), which shows no difference between
individuals with healed or no lesions; however, there are only 29 individuals in the
sample with evidence for healed CO lesions.
Due to the small number of adult individuals with healed lesions (n=17), the mean
age of death is likely being altered by outliers. When looking at the median survival time,
it is clear that the age estimate for individuals with absent lesions is lower than the mean;
in this case, the median is likely a better representative of the central tendency than the
mean. However, confidence intervals overlap here, demonstrating that these age
estimates are less robust and meaning that there could be no difference between age of
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death between people with no lesions and healed lesions. This is probably due to the
small number of adults with healed lesions. Additionally, the small number of adults with
healed lesions indicate that it is not advantageous in achieving older age to have CO
lesions in any state, an interpretation bolstered by the OR analyses.
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Table 3.5. Restricted mean age at death, standard error, confidence intervals, and results
of log rank test (χ2, p-value) for CO for the entire sample of individuals, individuals under
19 years old and individuals 19 years and older. Significant p-values in bold.
Number of
Individuals

Restricted
Mean Age at
Death

Std.
Error

95%
confidence
interval

χ2

Entire Absent
Sample Healed
Active
Total

136
29
39
204

27.3
27.7
3.3
22.7

1.9
4.2
0.4
1.5

23.5
19.5
2.4
19.7

30.9
35.9
4.1
25.8

97.62 0.00

Under 19

Absent
Healed
years old
Active
Total

53
12
39
104

6.2
5.9
3.3
5.1

0.8
1.6
0.4
0.5

4.7
2.8
2.4
4.1

7.7
8.9
4.1
5.9

10.56 0.01

19 + years Absent
old Healed
Total

83
17
100

40.7
43.1
41.1

1.9
3.9
1.8

36.9
35.3
37.7

44.6
50.9
44.6

0.00

Cribra
Orbitalia

Lesion
Activity

pvalue

0.99

Table 3.6. Median survival time, or the time (age) by which fifty percent of individuals
with healed, active, or no CO lesions had died.
Cribra
Orbitalia

Lesion
Activity

Number of
Individuals

Median
Survival
Time

Std.
Error

95%
confidence
interval

Entire Absent
Sample Healed
Active
Total

136
29
39
204

24.5
27.9
2.5
17.6

2.4
9.9
0.3
2.8

20.8
5.25
1.5
9.5

31.3
39.5
3.5
22

Under 19 Absent
years old Healed
Active
Total

53
12
39
104

3.95
3
2.5
3

0.91
1.3
0.3
0.43

2.5
2
1.5
2.5

6
12
3.5
3.95

19 + years Absent
old Healed
Total

83
17
100

35
40
35

0.95
4.9
0.5

32.6
30
32.8

36
54.5
37.2

100

Figure 3.1. Kaplan-Meier Survival Analysis Results (CO lesion status): (A) probability of
mortality in entire sample; (B) probability of mortality in individuals under 19 years old;
(C) probability of mortality in individuals 19 years or older.
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Porotic Hyperostosis
There are no significant associations between age classes and PH presence or
absence (χ2=7.7, p=0.17); however, individuals in Age Class 1 are more likely to have
PH present than individuals in other age classes. Survival analysis results for the entire
sample demonstrate that individuals with active PH lesions die earlier and have a higher
probability of mortality than individuals with healed or absent lesions (Figure 3.2, A;
Table 3.7). This result is also significant for a restricted sample with only individuals
under 19 years of age included in the analysis, individuals with healed lesions die later
than individuals with active or no lesions (Figure 3.2, B; Table 3.7). In the over-19
sample, there is no significant difference in survival time between individuals with healed
or absent PH lesions, but the trend observed is that individuals without lesions die earlier
than individuals with healed lesions (Figure 3.2, C; Table 3.7).
Results for the median age of survival (Table 3.8) mirror the results for restricted
mean age at death. There is no overlap of confidence intervals for individuals with active
lesions as compared to individuals with healed or no lesions, demonstrating a significant
difference between people with active lesions and those with no lesions or healed lesions.
These results indicate that individuals who do not have active PH lesions have better
chances of survival.
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Table 3.7. Restricted mean age at death, standard error, confidence intervals, and results
of log rank test (χ2, p-value) for the entire sample of individuals with PH, individuals under
19 years old and individuals 19 years and older. Significant p-values in bold.
Porotic
Hyperostosis

Lesion
Activity

Entire Absent
Sample Healed
Active
Total
Under 19 Absent
years old Healed
Active
Total
19 + years Absent
old Healed
Total

Number of
Individuals
147
71
43
261
74
23
43
140
73
48
121

Restricted
Mean Age
at Death
22.3
32.3
2.4
21.8
6.4
9.5
2.43
5.7
38.5
43.2
40.4

Std.
Error
1.7
2.7
0.3
1.3
0.59
1.6
0.27
0.43
2.1
2.7
1.7

95%
confidence
interval
18.9 25.7
27.1 37.5
1.9
2.96
19.1 24.4
5.2
7.5
7.0
11.9
1.9
2.9
7.8
6.5
34.5 42.6
37.9 48.5
37.1 43.6

χ2

pvalue

157.74 0.00

45.9

0.00

0.7

0.39

Table 3.8. Median survival time, or the time (age) by which fifty percent of individuals
with healed, active, or no PH lesions (or present, absent PH) had died.
Porotic
Lesion
Hyperostosis Activity

Number of
Individuals

Median
Survival
Time

Std.
Error

95%
confidence
interval

Absent
Healed
Active
Total

147
71
43
261

18.5
28.6
2
16.5

2.4
4.9
0.23
2.5

12.5
20.8
1.5
11

21.45
34.1
2.5
20.5

Under 19 years old Absent
Healed
Active
Total

74
23
43
140

4.5
9.5
2
3.95

0.6
2.6
0.2
0.4

3.95
5
1.5
3

7
13.95
2.5
4.5

19 + years old Absent
Healed
Total

73
48
121

33
35.8
34.3

0.81
3.4
0.8

32
32.5
32.8

35
44.1
35.3

Entire Sample
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Figure 3.2. Kaplan-Meier Survival Analysis Results (PH lesion status): (A) probability of
mortality in entire sample; (B) probability of mortality in individuals under 19 years old;
(C) probability of mortality in individuals over 19 years old.
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Porotic Hyperostosis and Cribra Orbitalia
In order to examine whether PH and CO are indicative of different underlying
health issues, individuals with CO only were compared to individuals with no CO or PH
lesions, people with only PH lesions, and people with both CO and PH lesions.
The Kaplan-Meier results (Figure 3.3, Table 3.9) show that for the full sample,
people with no lesions have lower mortality risk and die later. Individuals with only PH
lesions have lower mortality risk and later age of death than individuals with only CO or
with both CO and PH. Individuals with only CO die earlier than people with only PH or
no lesions. Finally, people with both CO and PH lesions die earlier than those with no
lesions or with PH only. This result is significant; the restricted mean age at death (Table
9) shows the same pattern as described above.
Median survival time (Table 3.10) confidence intervals also show the same
pattern; individuals with both PH and CO lesions die earlier than those who only have PH
lesions. Additionally, individuals with PH and without CO lesions die later. These results
indicate that PH and CO likely indicate different underlying illnesses and lend credence
to the assertion that CO is associated with a more serious underlying issue (Rivera and
Mirazón Lahr 2017).

105

Table 3.9. Restricted mean age at death: Individuals with and without PH; mortality risk
compared between individuals with PH and with or without CO.
Stress Indicator & Number
Restricted
Lesion Activity of
Mean Age
Individuals at Death
No Lesions
Only PH Lesions
Only CO Lesions
PH and CO Lesions
Total

88
73
26
42
229

27.7
24.7
9.8
16.1
22.6

Std.
Error

95%
confidence
interval

χ2

p-value

2.3
2.8
2.7
3.3
1.5

23.2
19.2
4.5
9.6
19.7

20.8

0.000

32.2
30.2
15.1
22.6
25.5

Table 3.10. Median survival time: Individuals with and without PH; mortality risk
compared between individuals with PH and with or without CO.
Stress Indicator & Number of
Lesion Activity Individuals
No Lesions
Only PH Lesions
Only CO Lesions
PH and CO Lesions
Total

88
73
26
42
229

Median
Survival
Time

Std. Error

95% confidence
interval

27.1
20.4
3.95
3.95
17

3.9
2.8
0.8
1.3
2.9

20.9
8.5
2.5
2
9.5
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32.8
24.5
7
9.5
21.5

Figure 3.3. Kaplan-Meier Survival Analysis Results (CO presence/absence by PH
presence/absence): (A) probability of mortality for individuals without PH by CO
presence/absence; (B) probability of mortality for individuals with PH by CO
presence/absence.
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Infection
There are no significant associations in infection presence/absence between the
age classes. Survival analysis results for the entire sample demonstrate that individuals
with active infection or no evidence for infection die earlier (Figure 3.4, A; Table 3.11)
and have a higher probability of mortality than individuals with evidence for healed
infection. This result is also significant for a restricted sample with only individuals under
19 years of age included in the analysis, individuals with healed lesions die later than
individuals with active or no lesions (Figure 3.4, B; Table 3.11). For individuals over 19
years of age at death (Figure 3.4, C; Table 3.11), there is no significant difference in
survival time between individuals with healed, active or absent infection. A trend for
individuals with healed infection to die at older ages than individuals with active or no
infection was, however, observed (Table 3.11).
The median survival time (Table 3.12) shows the same results as the restricted
mean age of death. The confidence intervals do not overlap, demonstrating significant
differences in survival for individuals with active, healed or no lesions. We see that
individuals with healed lesions die later than individuals with active or no lesions; a result
indicating robusticity of individuals with healed lesions. In individuals under 19 years
old, juveniles with active lesions die earlier than juveniles with healed lesions. For
individuals over 19 years old, healed infection is associated with an older age of death
than active or no infection.
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Table 3.11. Restricted mean age at death, standard error, confidence intervals, and results
of log rank test (χ2, p-value) for the entire sample of individuals with infection, individuals
under 19 years old and individuals 19 years and older. Significant p-values in bold.
Infection Lesion
Activity
Entire
Sample Absent
Healed
Active
Total
Under
19 years Absent
old Healed
Active
Total
19 +
years old Absent
Present
Active
Total

Number of

Restricted Std.

χ2

95%

p-

Individuals Mean
Age at
Death

Error

confidence
interval

value

226
26
39
291

23.0
38.2
7.7
22.3

1.4
4.3
1.7
1.3

20.2
29.7
4.5
19.8

25.8 42.3 0.00
46.7
11.0
24.8

115
6
33
154

6.4
11.5
3.8
6.1

0.5
2.6
0.6
0.43

5.4
6.4
2.6
5.2

7.4 11.9 0.00
16.5
5.0
6.9

111
20
6
137

40.2
46.2
29.5
40.5

1.7
4.1
3.7
1.5

36.8
38.1
22.3
37.6

43.5 3.7
54.3
36.7
43.6

0.15

Table 3.12. Median survival time, or the time (age) by which fifty percent of individuals
with healed, active, or absent infection had died.
Infection Lesion
Activity

Number of
Individuals

Median
Survival
Time

Std.
Error

95% confidence
interval

Entire
Sample Absent
Healed
Active
Total

226
26
39
291

18.5
33.6
3.95
17.2

1.9
1.6
0.89
2.3

13.3
22
1.5
12.5

21.5
42.8
5
21.5

Under 19 Absent
years old Healed
Active
Total

115
6
33
154

4.5
12.5
2.5
4

0.52
5.9
0.72
0.3

3.95
0.95
1.5
3.5

6.3
.
3.95
5.3

19 + years Absent
old Healed
Active
Total

111
20
6
137

33.8
39.5
21.5
21.5

0.77
5.8
7.0
0.77

32.5
32.5
20.9
32.5

35.3
69.8
.
35.3
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Figure 3.4. Kaplan-Meier Survival Analysis Results (Infection lesion status): (A)
probability of mortality in entire sample; (B) probability of mortality in individuals under
19 years old; (C) probability of mortality in individuals over 19 years old.
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Linear Enamel Hypoplasia
There are significant associations in presence/absence of LEH between age
classes (χ2 =29.7, p < 0.001). Individuals in Age Classes 3 and 4 are more likely than
other age groups to have LEH present. There are no significant differences in LEH
presence/absence at the site level. Survival analysis results for presence/absence of LEH
show no significant differences in mortality risk for the entire sample (Figure 3.5, A;
Table 3.13). However, the survival curves for the overall sample indicate that there could
be differences when age is controlled for. In individuals under 19 years old, there is a
statistically significant result when comparing individuals with and without LEH (Figure
3.5, B): individuals without LEH die earlier than individuals with LEH.
This result pivots in the plot of individuals over 19 years old (Figure 3.5, C).
Individuals over 19 without LEH have lower mortality risk than individuals with LEH
and die later. An issue with the older age sample is that dental wear can obscure LEH. It
is possible that some individuals with LEH were scored as not having LEH due to this.
However, it was a requirement for sampling in this study that individuals had teeth
sufficiently complete for dental morphological scoring and/or dental metrics; much of
this issue is alleviated as dental wear needed to be relatively light (by pre-contact
standards) in order for those things to be observed/collected.
The results for median survival time for the full sample (Table 3.14) show that
individuals under 19 years old with LEH die later than individuals without LEH, while in
adults over 19 years old, individuals with LEH die earlier than individuals without LEH.
The confidence intervals do not overlap for either the under 19 years or over 19 years old
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age groups, indicating that this difference is significant. These results indicate that adult
individuals with LEH are more frail than individuals without LEH. In this case, it appears
that there is a different pattern in mortality in the juveniles examined and when the
sample is pooled these differences are masking the adult pattern.
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Table 3.13. Restricted mean age at death, standard error, confidence intervals, and results
of log rank test (χ2, p-value) for the entire sample of individuals with LEH, individuals
under 19 years old and individuals 19 years and older. Significant p-values in bold.
Pres/Abs Number of
Individuals

Restricted
Mean Age
at Death

Std.
Error

95%
confidence
interval

χ2

Entire
Sample

Absent
Healed
Total

117
128
245

26.5
27.8
27.2

2.2
1.6
1.3

22.2
24.8
24.6

30.8
30.9
29.8

0.06 0.80

Under 19
years old

Absent
Healed
Total

57
43
100

6.9
11.1
8.7

0.62
0.7
0.5

5.7
9.7
7.7

8.1
12.4
9.7

14.5 0.00

19 + years old

Absent
Healed
Total

60
85
145

45.1
36.3
39.9

2.5
1.7
1.5

40.3
33.0
37.1

49.9
39.6
42.8

5.1

Linear Enamel
Hypoplasia

pvalue

0.03

Table 3.14. Median survival time, or the time (age) by which fifty percent of individuals
with present or absent LEH had died.
Linear Enamel Pres/Abs Number of
Hypoplasia
Individuals
Entire Sample

Median
Survival Time

Std.
Error

95% confidence
interval

Absent
Present
Total

117
128
245

20.9
26.7
22

3.3
2.6
1.8

12
21.5
20.5

26.9
29
27.5

Under 19 years Absent
old Present
Total

57
43
100

6.9
11.1
8.7

0.6
0.7
0.5

5.7
9.7
7.7

8.1
12.4
9.7

19 + years old Absent
Present
Total

60
85
145

45.1
36.3
39.9

2.5
1.7
1.5

40.3
33.0
37.1

49.9
39.6
42.8
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Figure 3.5. Kaplan-Meier Survival Analysis Results (LEH presence/absence): (A)
probability of mortality in entire sample; (B) probability of mortality in individuals under
19 years old; (C) probability of mortality in individuals over 19 years old.
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Discussion

The results of survival analysis for PH, CO, infection, and LEH indicate that there
is hidden heterogeneity in risks and differential frailty within this sample. They show that
individuals without lesions or with active lesions have worse survival outcomes than
individuals with healed lesions. Additionally, individuals with healed lesions tend to die
later than individuals with absent lesions. This result indicates that individuals with
healed lesions are less frail than individuals with active or absent lesions.
While the pattern in CO lesions mimics the pattern seen in the other lesions, very
few individuals (29 in the entire sample, 17 adults) have healed CO lesions. This result
may indicate that individuals with CO have a different underlying health issue than
individuals with PH (71 individuals in the entire sample have healed lesions, 48 of these
are adults). It could be that CO is caused by a more severe illness or underlying health
issue than PH, or that individuals who develop CO lesions are more frail than individuals
who do not. The OR results provide further evidence that individuals who develop CO
are more frail than individuals with PH lesions alone: adults in Age Classes 4 and 5 are
less likely to have CO lesions present. This indicates that not having CO lesions is
beneficial to reaching older age. This is hinted at in other studies of health and stress in
the Southwest: at Carter Ranch, in Arizona, none of the adults over age 35 were observed
to have PH or CO and at Kechipawan, on the Arizona-New Mexico border, only one
adult had active PH and CO lesions (Mirazón Lahr and Bowman 1992). Additionally,
when probability of mortality is examined for individuals with and without PH by CO
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presence/absence, we see that regardless of PH lesion presence, individuals with CO have
higher mortality risks and die earlier.
The results observed here coupled with the low number of individuals with
evidence for healed CO lesions provide further evidence that CO and PH are likely not
always linked indicators of stress, but instead signify systemic disturbances of different
etiology, with CO possibly being indicative of a more severe illness. CO often occurs in
cases of chronic illness, such as renal failure, which can cause anemia, and the end stages
of this disease are associated with hypoplastic bone marrow (Rivera and Mirazón Lahr
2017). Renal failure is also associated with high mortality if untreated, so active CO
lesions in infants/children would be consistent with a chronic, fatal disease (Rivera and
Mirazón Lahr 2017). The results observed in the current study show that CO lesions are
likely linked to a more severe underlying health issue.
In this study, only juveniles have active CO and PH lesions, but there are also
some juveniles with healed lesions of each type. Other studies show that most individuals
who have active CO or PH lesions are juveniles less than five years of age (Fairgrieve
and Molto 2000; Larsen 2015; Mittler and Van Gerven 1994). In this sample, some
juveniles survived through the disruptions that caused PH, CO and infectious lesions.
This indicates that even among individuals who die young there is differential mortality
risk. Some individuals were robust and survived an insult long enough to develop skeletal
lesions and also to survive beyond the acute phase of insult. There were also frail
individuals that died with active lesions; they were unable to survive the insult that
caused the lesions to develop.
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The result of higher survivorship of individuals with healed lesions seen in this
study mirrors the results from DeWitte (2014a) who interprets (as have others ) the
presence of healed lesions as evidence of the response of a healthy immune system. This
indicates the presence of an immune system sufficiently strong to not only mount a
response to an insult (develop lesions), but also to allow a person to survive the insult.
Individuals in Ham’s (2018) study who did not develop lesions are comparatively frailer
than individuals with healed lesions, on average, dying earlier than individuals with
healed lesions and later than individuals with active lesions.
The results from Kaplan-Meier analyses of lesion status and mortality risk are
comparable to those of DeWitte (2014a) in that this study finds a survival advantage
associated with healed lesions and a disadvantage for individual survival if active lesions
are present. DeWitte (2014a:38) states that active lesions “reflect high frailty”, a result
also demonstrated by this study. This study of CO, PH, and infection lends support to not
only DeWitte’s conclusions, but also to Ham’s (2018:110) that “similar results across
distinct temporal and geographic areas may reflect a broader trend in the relationship
between frailty and periosteal lesion activity in the archaeological record.”
This study pooled individuals from many sites and thus cannot directly investigate
issues such as social status and its role in lesion development. However, differential
resource access did exist in Ancestral Puebloan cultures, and it is possible that access or
lack thereof to necessary dietary nutrients and/or sanitation, or close-quarters housing due
to population aggregation may play a role in the results seen here. The overall results
seen here are important in that they indicate differential mortality and survivorship in a
relatively large sample from the pre-contact Southwest.
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Results for LEH demonstrate that individuals 19 years or older with LEH are
comparatively more frail than those without LEH: individuals with LEH die earlier than
individuals without LEH. LEH are indicators of systemic disturbance severe enough to
pause enamel formation; individuals who survive without incurring these disturbances
appear to be more robust/less frail than individuals who have evidence for suffering
disturbances to enamel growth. LEH have been associated with greater mortality risk in
other studies (Armelagos et al. 2009; Cook and Buikstra 1979; Duray 1996; Rose et al.
1978; White 1978). The results of the current study show that adult individuals with LEH
have a lower mean survival time (36.3 years) than individuals without LEH (45.1 years);
these ages are comparable to the result reported by Ham (2018). These results indicate
that early life/in-utero insults have an impact on the health outcomes of adults. This result
would be expected under the Barker/DOHaD hypotheses and is expected given results of
other studies (Armelagos et al. 2009). Particularly interesting here is the result for nonadult individuals: absence of LEH is indicative of frailty in juveniles. Juvenile individuals
without LEH have a lower mean survival time (6.9 years) than individuals with LEH
(11.1 years).

Conclusions and Future Directions

All results demonstrate hidden heterogeneity in risks (differential frailty) and
differential mortality were present in the pre-contact U.S. Southwest. The results also
show that physiological stress suffered in utero and in childhood impact individual frailty
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and mortality risk throughout life. Individuals who survived physiological insults and
lived long enough to heal lesions have lower mortality risk; and are therefore more robust
to insult than individuals with active or no lesions. In this sample, there are no adults with
active CO or PH lesions, only healed lesions or no lesions. OR show that having CO
(healed or otherwise) is not beneficial to reaching older age, a result (among others)
indicating that CO and PH should be analyzed separately, due to what are likely different
etiologies. LEH presence is a predictor for mortality risk only in adults and a predictor of
robustness in juveniles, a result that requires further examination. A future study could
examine LEH by tooth class and count of hypoplasias per tooth to see if this result
continues to be robust.
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Frailty and Stress in People Who Move: A View from the
Southwestern United States

Introduction

Migration is the long-term relocation of one or more individuals or groups from
their place of origin to a destination outside community boundaries (Cabana and Clark
2011:6; Clark 2001:2). Ecological, economic, social, demographic and evolutionary
forces shape the process of migration (Fix 1999; 2004:387). It is often a self-selective act,
with individuals who are strong enough choosing to move: young, healthy adults are
more likely to migrate than children, old adults or people in ill-health (e.g. Mou et al.
2015; Williamson 1988). People usually migrate to places where they have social
connections (Boyd 1989:641). In the pre-contact USSW, group migration and individual
movements have been examined through use of a variety of indicators. These include:
contextual mortuary evidence (Martin 2008a, 2008b, 2016; Martin et al. 2010); material
culture changes (Haury 1958; Hester 1961; Larson 2013; Lowell 2007); demographic
(Kohler et al. 2010; Schillaci and Lakatos 2016), isotopic (Ezzo and Price 2002), and
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biological distance analysis (Byrd 2018; Durand et al. 2010; Mackey 1977; McClelland
2003, 2004; O’Donnell and Ragsdale 2017; Ortman 2012). This study identifies
individuals as phenetically-inferred migrants through use of dental morphological data
and then examines whether migrant status had an impact on their health.
Migrations can be viewed as acts of resilience (Clark 1994; Lori and Boyle 2015;
Morrissey 1983). Humans resist disturbances or attempt to by transforming the systems
that surround them (Hegmon et al. 2008), often through reorganization. This maintains
structure, function, and identity (Walker et al. 2004). Human resilience can be assessed in
historical contexts through proxies, including: continuity and change in material culture,
changing settlement patterns, and through biological affinity and health (Hegmon et al.
2008; Hoover and Hudson 2016:24; Redman and Kinzig 2003).
An example of movement as resilience comes from Orayvi, a Hopi village on
Third Mesa. Here, land was allotted to each clan, with some clans receiving fields of high
quality, others given less desirable fields, and some clans receiving no land at all (Levy
1992). During drought, resources were pooled, and clans that received no land had to
migrate away from Orayvi or starve because they had no resources to share (Eggan
1966). This practice led to increased warfare and violence, accentuated pre-existing
social inequalities (Walker et al. 2009), and impacted clan fertility and longevity (Levy
1992).
Where movement can be used as a way to adapt to negative forces, it can also be
implemented in a negative manner by forcing people from one area to another. In the
Southwest, some archaeologists have interpreted their data as indicating captives; the

121

targets of forced movement and captivity were most likely women and children
(Cameron 2013; Martin 2008a).
Evidence for raiding for women and children comes from ethnographic records
(Brooks 2011), as well as demographic (Kohler and Turner 2006), and bioarchaeological
evidence (Martin 2008a; Martin and Osterholtz 2016). Women and children captured in
raids occupied marginalized status in the communities to which they were brought
(Walker et al. 2009). In the La Plata Valley, situated within the Totah district, human
skeletal remains and mortuary context provide evidence for captivity of women (Martin
1997, 2008a, 2008b; Martin and Akins 2001; Martin et al. 2001; Martin et al. 2010).
Several females of “peak reproductive age” (20-38 years) were identified as captives
through mortuary context and skeletal evidence for interpersonal violence and heavy
labor (Martin et al. 2010:9). This age range fits with Kohler and Turner’s (Kohler and
Turner 2006) model for raiding for women. The individuals also exhibit evidence of
physiological stress and interpersonal violence. They were buried in haphazard positions
and with no grave goods, while the majority of the La Plata Valley burials are in flexed
positions and include artifacts (Martin et al. 2010).
Beyond current day New Mexico, evidence for migration or influx of women
comes from extensive studies conducted at Grasshopper Pueblo in Arizona. Migration at
this site has been demonstrated through demographic analyses, isotopic data (Ezzo and
Price 2002), biodistance estimated from dental non-metrics (McClelland 2003), and
archaeological reconstructions (artifact assemblages indicating more women than men)
(Lowell 2007, 2010). The evidence at Grasshopper has been interpreted as an
immigration of Ancestral Puebloan women and children, “war refugees” fleeing violence
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in the San Juan Basin (Lowell 2007, 2010). Another interpretation is that some of the
outsiders at Grasshopper were captives taken in raids (Baustian et al. 2012). Regardless
of how movement occurs, people who migrate are often put in positions that increase risk
of violence and illness, often due to cramped and poor living conditions (Acevedo-Garcia
2001; Castañeda 2010; Lori and Boyle 2015; Mou et al. 2015).

Migration and Health
Myriad factors including malnutrition, economic insecurity, and lack of power act
in concert to create underlying susceptibility to disease and poor health among migrants
(Waitzkin 1981). Health is the result of political and economic forces, genetic and
epigenetic predisposition; it is also a cultural construct, influenced by behavior, ideology,
and social organization (Klaus 2008:4). Defining the term “health” is challenging in
living people (DeWitte and Stojanowski 2015:399); and especially difficult to define in
the dead. Where the culture in which we operate can act as a buffer against disease and
other negative factors, it can also act to introduce stress (Schell 1997). Unequal access to
resources can impact the expression of genes and individual development, as such it can
cause physiological disturbance (Klaus 2012:33-34). Migrant health in contemporary
society may be impacted by limited access to healthcare coupled with cultural differences
between health care workers and migrants (Deb and Gurevich 2017).
Studies of contemporary migrants have found that they are at greater risk for
infectious disease when compared to their host-group (Gudelia Rangel et al. 2006; Platt et
al. 2011; White et al. 2017; Yi et al. 2010; Zhang et al. 2013). Further, children of
migrants have been shown to have higher mortality risks when compared to the children
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of non-migrants (Avogo and Agadjanian 2010; Brockerhoff 1990). However, this pattern
does not always occur (Hildebrandt and McKenzie 2005). Additionally, children in
poorer social and economic situations are found to have worse health outcomes than
those in better situations (Victora et al. 2003). Disease susceptibility in all people is
increased in the face of poor, cramped living conditions and reduced access to clean
drinking water and food of nutritive value (Gracey and King 2009).
Studies have shown that migrants experience increased risk of violence during the
migration process and upon arrival in the host-area (Arsenijevic et al. 2017; Barbara et al.
2017; Bustamante 2017). Violence is perpetrated by state authorities (home raids,
physical violence, etc.) as well as by the host group (Arsenijevic et al. 2017; Bustamante
2017; Crush et al. 2018). Additionally, violence can be a driving force for people to leave
their homes (Clemens 2017; Orozco-Aleman and Gonzalez-Lozano 2018).
The process of migration itself does not necessarily pose health risks, but the
conditions surrounding migration can introduce risks (Markel and Stern 2002) and
increase vulnerabilities (Davies et al. 2011). Each part of the migration journey
introduces movers to different stresses and dangers: during movement migrants are at
increased risk for deprivation, trauma, and violence (Rote and Markides 2015). Upon
arrival in the host country, the risk for disease and other health issues is heightened, in
part due to separation from traditional healers and cultural differences between
themselves and their hosts, and in part due to cramped and poor living conditions (Lori
and Boyle 2015; Mou et al. 2015; Sandhaus 1998).
Despite these difficulties, immigrants and migrants from socioeconomically poor
places are often observed to have relatively better health than individuals who are local
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(Malmusi et al. 2010; Riosmena et al. 2017; Rote and Markides 2015). This is referred to
as the “immigrant health advantage” or “healthy migrant hypothesis”. Generationally, the
benefit is fleeting, often followed by a deterioration in individual health after a single
generation (Malmusi et al. 2010; Newbold 2005; Ronellenfitsch and Razum 2004).
Migrants to developed countries often have a lower mortality risk when compared to the
host-group (Anson 2004; Wallace and Kulu 2018). This includes individuals who are
afflicted with the same diseases as the host-group. For example, South Asian migrants
with diabetes mellitus have lower mortality risk when compared to white European hostgroup members with the same affliction (Johns and Sattar 2017).
These patterns have been difficult to explain in contemporary people, however
there are several possible explanations, with the selection for “atypically” healthy people
(Deb and Gurevich 2017; Giuntella 2016; Palloni and Arias 2004; Riosmena et al. 2017),
along with a retention of beliefs and cultural norms of the country of origin being
frequently cited reasons. Other possibilities include the ‘salmon’ bias, where people who
are unhealthy return home (Valles 2016), because of a desire to die in familiar
surroundings and with family near (Abraido-Lanza et al. 2005; Raymond et al. 1996;
Razum and Twardella 2002; Ringbäck Weitoft et al. 1999), or inaccuracies in population
figures (Anson 2004).
It is possible that mortality risk in past migrants mirrors that of contemporary
migrants. As many migrants today occupy marginalized spaces, it is possible that past
migrants also occupied similar spaces. Further, due to the cultural context of movement
in the USSW during the time span being examined here, it is possible that people moving
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would have also occupied marginal spaces. They may also have been subjected to
cramped and poor living conditions.

Study Aims
While the majority of biodistance studies in the U.S. Southwest focus on analysis
of group level relationships (Corruccini 1972; Durand et al. 2010; McClelland 2004,
2010, 2015; O’Donnell and Ragsdale 2017; Ortman 2012; Schillaci et al. 2001; Schillaci
and Stojanowski 2002b, 2003), this study focuses on individuals, with the goal of
examining whether people identified as phenetically-inferred migrants have different
health outcomes than those identified as locals. First, individuals who are phenetic
outsiders, herein referred to as phenetic migrants, are identified; these are individuals
identified as outliers in biodistance analysis because they cluster away from other
individuals recovered at the site or region where they are buried, presumably due to
having moved from one place to another. Then, phenetic migrant stress status is
compared to that of the host-group. The host-group are individuals who are identified as
local to the area that they were buried in.
In biological distance (biodistance) studies, we assume that phenetic similarity is
a proxy for genetic similarity (Irish 1993). There are two expectations for the individual
level biodistance analyses in this study: 1) individuals buried within regions will cluster
together, creating identifiable regional distributions; 2) individuals who are outsiders will
cluster away from other individuals in the place where they are buried. It is also possible
that those individuals will exhibit mortuary evidence for outsider status.
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A prediction for health and stress in phenetically-inferred migrants is that they
will have worse health than those who are not identified as outsiders, because phenetic
migrant support systems were strained and they were subjected to worse living conditions
than non-migrants (Lori and Boyle 2015; Mou et al. 2015). Phenetically-inferred
migrants are expected to exhibit skeletal evidence for marginalized status in the form of
ill-health (infection) and evidence for interpersonal violence when compared to the rest of
the sample and to their host groups. This prediction stems from the idea that social
inequality can cause a decline in the health of people who migrate (Goldman et al. 2014;
Viruell-Fuentes et al. 2012).
Four predictions regarding health and stress are tested here:
Prediction 1 (P1): phenetically-inferred migrants will show more evidence for systemic
stress during growth and development, as measured through enamel hypoplasia, porotic
hyperostosis and cribra orbitalia.
Prediction 2 (P2): phenetically-inferred migrants will show more evidence for systemic
disturbance, as measured through prevalence of infection.
Prediction 3 (P3): phenetically-inferred migrants will show more evidence for
interpersonal violence than those in the host-population.
Prediction 4 (P4): phenetically-inferred migrants are less frail than the host-group.
Frailty is an individual’s relative risk of morbidity and mortality when compared to other
members of the group to which they belong (DeWitte 2010; Vaupel et al. 1979).
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Materials and Methods

This study incorporates 336 individuals from the pre-contact Southwest. The
remains are housed at the Maxwell Museum of Anthropology, Laboratory of Osteology
(LOHO), the Office of Archaeological Studies (OAS) of the Museum of New Mexico in
Santa Fe, NM and Museum of Indian Arts and Culture (MIAC). I collected all data.
Consultation was conducted on my behalf by each institution following their own
standards.

Cultural Context and Site Descriptions
The majority of the individuals included in this study come from sites that date to
the late A.D. 1200s to early 1400s located in the Northern and Middle Rio Grande (NRG
and MRG) regions in New Mexico. The time period in which most of these people lived
was one of demographic upheaval and population movement, with the abandonment of
the Mesa Verde region and subsequent site aggregation and population growth in the
NRG (Boyer et al. 2010; Crown et al. 1996; Fowles 2004; Kohler et al. 2010; Lipe 1995,
2010; Ortman 2010; Schachner 2015; Varien 2010). Due to the use of individual level
analysis in this study, sites were combined into regions to increase sample size and
remove the noise of a site level analysis; this allows for better representation of
individual-level variation. Individuals from Pecos Pueblo are included in the analyses of
dental morphological data only because these remains were repatriated, and only dental
morphological data were available for this study. There are 39 individuals from Pecos,
not included in the analyses of stress and frailty.
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A requirement for sampling was that each individual had sufficiently complete
dentition for dental non-metric data to be collected; thus, health/stress in each region is
represented by a subsample of people with preserved dentitions. Additionally, even
though this sampling requirement was put in place to ensure that each individual who had
dental data would also have health data, following removal of correlated traits and
individuals with more than 70% missing data, there were 315 individuals with dental data
and 336 with health data. For summary information regarding region, current housing
facility and number of individuals see Table 4.1. Figure 4.1 provides a map of sites used
in this study.
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Table 4.1. Sample Descriptions; * individuals from sites with post-contact dates are from pre-contact site components only.
Region

Sites

Date
range
9001700*

Current
Location
MMA/
CNMA

Number of Individuals

References

79 (20 females, 26
males, 7 adults of
unknown sex, and 26
juveniles)

Adams and Duff (2004a); Adler et
al. (1996); ARMS (2018); Constan
(2011); Ortman (2012);
Wendorf (1954; Figure 2)

MMA

161 (30 females, 34
males, 7 adults of
unknown sex, 90
juveniles)
28 (5 females, 9 males,
2 adults of unknown sex
and 12 juveniles)
28 (8 females, 5 males,
1 adult of unknown sex
and 14 juveniles)

Adams and Duff (2004a); ARMS
(2018); Cordell and McBrinn
(2016); Sargeant (1985, 1987);
Jones (2015)
Cordell and McBrinn (2016:37,
Figure 1.7 and page 220)

Northern
Rio Grande

Gallina District (multiple sites),
Pecos Pueblo**, Sapawe (LA
306), and Yunque (LA 59).

Middle Rio
Grande

Chamisal (LA 22765), Kuaua (LA
187), Pottery Mound (LA 416),
Puaray (LA 326), and Tijeras (LA
581)
LA 635, LA 676, LA 2315, LA
12076, LA 15075, LA 16297, LA
16300, LA 15044
La Plata Highway Project sites
(LA 37592, LA 37593, LA 37599,
LA 37601, LA 65029, LA 65030)

12751700*

10001300

OAS

Chaco small sites:
LA 2464, LA 2469, LA 2470, LA
40394, LA 40395, LA 40396, LA
40397, LA 40399, LA 40557, LA
40838, LA 41921.
Gallinas Springs (LA 1178 and LA
1180)

900-1325

MMA

27 (6 females, 4 males,
2 adults of unknown sex
and 15 juveniles)

12501350 or
13001450*

MMA

13 (7 females, 3 males,
1 adult of unknown sex
and 2 juveniles)

Mogollon
Totah

San Juan
Basin

Rio Abajo

MMA

336

Total
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Adler et al. (1996); Ortman (2012);
Toll (2008); Toll and Akins (2012);
Wilshusen and Glowacki (2017);
Martin (2008a, 2008b)
Chaco Research Archive (2018)

Adams and Duff (2004b); Adler
(1996); Lekson (2000:172);
Davis and Winkler (1959);
Ferguson et al. (2016); Lekson et
al. (2002)

Figure 4.1. Map of site locations. Credit: Shelby Magee.
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Sex and age
I estimated sex following Buikstra and Ubelaker (1994). Adult individuals who
were scored as “possible” males and females were combined with the categories “male”
and “female” for analysis. Adults of unknown sex are excluded from sex specific
analysis. Age was estimated using transition analysis (Boldsen et al. 2002). This is a
Bayesian method that uses a uniform posterior prior and estimates the probability of
making the transition from one age stage to the next (Boldsen et al. 2002). Transition
estimates were done using ADBOU (Anthropological Database, Odense University)
software version 2.1.046 (Ousley 2016). For adults where transition analysis was possible
(n=108), the corrected age from ADBOU was used in the creation of the age classes. To
increase sample size, adult individuals for whom transition analysis was not possible
(n=56) were included through estimates of age based on dental wear, osteoarthritic and
other degenerative changes. These estimates were then used to assign each individual an
age class.
Juvenile age was estimated through use of dental (AlQahtani et al. 2010) and
skeletal development (Baker 2005; Scheuer and Black 2000). Juvenile sex was not
estimated due to inaccuracy of available methods (O’Donnell et al. 2017; Scheuer 2004;
Scheuer and Black 2000; Vlak et al. 2008).

Indicators of Health and Stress
Four indicators of systemic stress were collected following standards (Buikstra
and Ubelaker 1994) in addition to data on trauma indicative of interpersonal violence.
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Here, lesion refers to any of the skeletal manifestations of stress (PH, CO, or infection).
Lesions were scored as: 1) healed where the bone is thickened, organized, or has an
undulating pattern (Ortner et al. 2001; Weston 2008:52); 2) active, where there is
evidence for new bone growth and/or bone is disorganized, porous, and/or has sharpedges (Larsen 2015; Ragsdale et al. 1981); 3) absent (no evidence of lesions). Active
lesions include lesions with any amount of activity, even if there was evidence of healing
(mixed lesions).
The indicators of stress analyzed in this study are:
1. Porotic hyperostosis (PH) is characterized by a thickening of the bones of the
cranial vault, new bone growth, and/or a porous surface (Ortner 2003). PH is a
non-specific indicator of stress, caused by a variety of maladies including, but not
limited to disease, anemia, iron-deficiency, and parasites (Kent 1986; Ortner
2003:200; Steckel and Rose 2005; Steckel et al. 2002). This was scored as present
if observed bilaterally, i.e. if there was porosity, new bone group or thickening
observed in only one parietal it was scored separately and not analyzed.
2. Cribra orbitalia (CO) is similar to PH in appearance; however, it is found in the
eye orbits (Aufderheide and Rodriguez-Martin 1998). CO is sieve-like porosity
and thickening of the orbital roof (Šlaus 2000). CO was scored as present if it was
observed bilaterally.
3. Infection was identified as present if there was evidence for osteomyelitis, or
“exuberant proliferation of both endosteal and periosteal bone surfaces” (Larsen
2015:83). Infection was also scored as present in the absence of osteomyelitis if
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there were bilateral periosteal lesions that were more widespread throughout the
skeleton (Larsen 2015).
4. Enamel hypoplasias (EH) are deficiencies in the thickness of enamel that ensue
when enamel matrix secretion is disturbed (Goodman and Rose 1990; Hillson
1996). Hypoplastic defects are often arranged in a band around the crown of the
tooth (linear enamel hypoplasia, LEH) (Hillson 1996), even though they can take
a variety of forms. Dentition is more resistant to stress than other skeletal
components, so when LEH are present they can be used to provide a conservative
estimate of population health (Cardoso 2007). Higher rates of LEH are found in
groups that are malnourished (Goodman and Rose 1990). For this study, LEH
were recorded as present if observed on any tooth.
5. Trauma indicative of interpersonal violence includes cranial depression fractures
(healed or unhealed), nasal, or other facial fractures. Here, fracture refers to an
incomplete or complete break in the continuity of a bone (Lovell 1997:141).

Analytical Methods- Health and Stress
Preliminary analyses (chi-squared, uni- and multi-variate regressions) were
executed to examine sex, age, and region-specific trends in indicators of stress and
trauma. Logistic regressions were estimated in STATA11 to estimate common oddsratios (OR). OR are useful for the examination of conditions such as CO and infection
because they can be used for presence/absence data. OR measure the association between
an exposure such as smoking and an outcome, such as lung cancer (Szumilas 2010; Viera
2008). Odds is the ratio of individuals with a given outcome and those without it within a
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population (Prasad et al. 2008:636; Szumilas 2010:227). OR were estimated for age
categories, sex, and phenetic migrant vs. host-group status. Fisher’s exact tests were used
to examine all OR results comparing phenetically-inferred migrants to the region in
which they are buried; these are useful for small sample sizes (Fisher 1922). In the case
of significant differences found with OR, the exact tests are a measure of robusticity of
the result if they are also significant. Age-specific OR were estimated through use of a
six-age class system (1: 0-4.9 years; 2: 5.0-14.9 years; 3: 15.0-24.9 years; 4: 25.0-34.9
years; 5: 35.0-44.9 years; 6: 45 years and older) following Klaus (2008:370).
Kaplan-Meier survival analysis curves, restricted mean ages of survival and
median survival time were estimated in STATA11. Kaplan-Meier is used for calculation
of differential survival times within a sample (time to failure (death) event). The impacts
of being a phenetic migrant [1] and not being a migrant (i.e. host-group) [0] on survival
(age at death) were examined following DeWitte et al. (2016). Individuals identified as
phenetically-inferred migrants were pooled together for analyses comparing them as a
group to the host-group; phenetically-inferred migrants were also compared to the
regions where they were buried.

Dental Morphological Data
AO made observations on 62 maxillary and mandibular dental traits for all
permanent teeth where these could be assessed. Traits are not recorded in cases when
teeth are broken, impacted by large caries or when attrition is great. Morphological data
complete enough for these analyses was available for 315 individuals. Dental
morphological data are generated through examination of standardized traits of the crown
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and root of the tooth, such as Carabelli’s cusp and incisor shoveling. Data were collected
using detailed descriptions, plaques with casts of the dental traits and photos from the
Arizona State University Dental Anthropology System (ASUDAS) (Edgar 2017; Turner
et al. 1991). Dental morphological data were collected for each observable tooth, on the
right and left sides. The side with the highest score represents the maximum expression
of the trait (Turner 1985).
Tooth development and therefore dental morphology are predominantly under
genetic control and better buffered from environmental effects than other skeletal
structures (Butler 1963; Dahlberg 1971; Irish 1993; Scott and Turner 2000; Willermet
and Edgar 2009). Dental morphological traits are selectively neutral and thus can be used
to track population movements. Gene frequencies change due to population interactions
such as gene flow and genetic drift (Irish and Turner 1990; Scott and Turner 1988;
Turner et al. 1991). Dental morphological traits can also be used to compare populations
that are separated by space and time, a task difficult to accomplish with aDNA.

Analytical methods - Dental Morphology
Linear discriminant analysis (LDA) was calculated in R-Studio (RStudio Team
2016) and is used to estimate phenetic similarities on an individual level (O'Donnell and
Edgar 2015; O’Donnell and Ragsdale 2017). LDA is robust to non-multivariate normality
and skewness of data (Sever et al. 2005). LDA maximizes the separation between groups
(Raschka 2014). The three linear discriminants that explained the most variance were
used to create a Mahalanobis distance dendrogram to better visualize individual
relationships in PAST (Hammer et al. 2001). Mahalanobis distance is the minimum
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possible genetic distance between groups (Konigsberg 1990:60; Williams-Blangero and
Blangero 1989). A large distance indicates that an individual is further away from the
group centroid.
Twenty LDA were run with different combinations of individuals, sites, regions
and dental traits; to be identified as a phenetic outsider, individuals were required to
appear as outsiders for the majority of analyses (that is, at least 15 out of 20 analyses).
Sexes were pooled for analysis as this has not been found to be a confounding factor in
the frequency distribution of nonmetric traits (Scott and Turner 2018). Additionally, sex
effects were examined for this sample and no significant differences were found between
males and females. Juveniles with permanent dentitions were also included in analyses.
Correlated traits were removed prior to analysis through use of tetrachoric and polychoric
correlations using (Institute 2018). Following removal of correlated traits, 19 traits were
included in the analysis (Table 4.2). These analyses used non-dichotomous, categorical
dental data. The final traits used in analysis are presented in Table 4.2.
Table 4.2 Traits used in A4.
Mandibular

Maxillary

mand_shovel_i2

max_shovel_i1

mand_absence_m3

max_shovel_i2

mand_distal_c

max_double_i2

mand_complex_pm1

max_interrupt_i1

mand_ant_m1

max_tuber_i2

mand_groove_m1

max_tuber_c

mand_proto_m1

max_cusp_pm1

mand_cusp6_m2

max_metacone_m1

mand_ext_m1

max_hypocone_m2
max_cusp_m1
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Results

Biodistance Analyses
Linear Discriminant Analysis and Cluster Analysis. Results for a selection of
three initial analyses are presented in Table 4.3. This table shows individuals who were
identified as phenetically-inferred migrants in each set of analyses. The first three
analyses are arbitrarily numbered (A1, A2, and A3) and were chosen to demonstrate the
process of phenetically-inferred migrant identification. The final analysis, Figure 4.2,
Table 4.3 (A4), is the analysis where the 36 individuals identified as phenetically-inferred
migrants in this study all remained outsiders. The LDA used for A4 explained more
variance than any other analysis.
The first three linear discriminants (explaining 76.5% of the variation, A4) were
used to create a Mahalanobis UPGMA dendrogram (Figure 4.2, cophenetic correlation:
0.75). The cophenetic correlation is high, demonstrating a good fit for the clustering
observed (Teknomo 2009). The dendrogram shows distinctive clusters for the TOT,
MRG, NRG, and MOG regions. The SJB does not have a distinctive cluster. Five
individuals recovered in the RA cluster with the MOG, with the remaining RA
individuals being scattered throughout the dendrogram. There is also a cluster of
individuals from the MRG and NRG to the left of the MOG cluster. This separates from
the larger clusters for those regions.
Overall, 36 individuals were identified as phenetically-inferred migrants, these
individuals are marked with stars in Figure 4.2 and the details of the individuals and their
burial are provided in Table 4.3. Of these, nine are from sites in the MRG, thirteen are
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from sites in the NRG, four are from sites in the RA, two are from sites in the MOG, and
eight are from sites in the TOT. Individuals from sites in the SJB were not included in
analyses of phenetic migrant health status, in part due to there being no discernable
cluster for the SJB in the majority of analyses. This result makes it difficult to know who
is a migrant, since it appears on the surface that each individual in the SJB sample is a
migrant. While this result is interesting, a larger sample is needed to interpret what it
might mean.
What is important to note in Figure 4.2 is not where phenetic outsiders cluster, but
instead where they do not cluster. It is expected that individuals buried within a region
will cluster together, due to shared genetics. When an individual does not cluster within
the region where they are buried, it shows that they are more similar to people buried
elsewhere. The purpose of this study is not to determine where people are coming from,
but rather where they are not from.
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Figure 4.2. Dendrogram (A4) with the final selection of 36 phenetically-inferred migrants highlighted with stars.
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Table 4.3. Selection of individuals identified as phenetically-inferred migrants, alone with burial information, pathology, age
and sex.
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DJD= degenerative joint disease; FX= fracture; LEH = linear enamel hypoplasia; EH= enamel hypoplasia; PH = porotic
hyperostosis; CO= cribra orbitalia; U = unobservable; NDA= no documentation available; NIA= not included in analysis; A1=
Analysis 1; A2= Analysis 2; A3=Analysis 3; A4=Analysis 4. Region Abbreviations: MRG = Middle Rio Grande; NRG=
Northern Rio Grande; MOG= Mogollon; RA= Rio Abajo; TOT= Totah. Site Abbreviations: Angus= ANG; Chamisal = CHA;
Pottery Mound= PMO; Sapawe= SAP; MIM= Mimbres; Puaray= PUA; Gallina sites= GAL; Yunque= YUN
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Stress and Frailty
Odds-Ratios and Fisher’s Exact Tests. Odds-ratios results are shown in Table 4.4
and Table 4.5. Blanks in the tables indicate that there is no variance in outcome, that is,
as a group phenetically-inferred migrants and host-group are no different or that there are
no phenetically-inferred migrants with the condition being tested. Fisher’s exact test
results (Tables 4.6-4.10) provide counts of individuals with each condition as well as
chi-squared estimates and p-values. No significant differences were found between
individuals identified as phenetically-inferred migrants when they were examined as a
group and compared to the sample at large, in presence/absence of: infection, CO and
PH, and LEH, different lesion statuses, or trauma indicative of interpersonal violence
(Table 4.4).
When phenetically-inferred migrants are compared to the region where they are
buried (Table 4.5), for the most part, there are no significant differences. An exception is
that of infection presence/absence in the NRG. OR show that phenetically-inferred
migrants buried in the NRG are more likely than the host-group to have infection.
Fisher’s exact tests and a Bonferroni correction for multiple comparisons confirm this
result: a significant difference between phenetically-inferred migrants and the host-group
in infection presence/absence is found in the Northern Rio Grande (Table 4.7)
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Table 4.4. Odds-ratios comparing phenetically-inferred migrants to the entire sample.
Phenetically-Inferred
OR Robust
Migrant Status: Stress
Standard
Indicator
Error
PH (presence/ absence) 0.9 0.39

95% Confidence
Interval

pvalue

n

0.46

2.1

0.99

265

PH lesion status 1.0

0.39

0.47

2.2

0.99

264

CO (presence/ absence) 0.8

0.41

0.29

2.2

0.67

208

CO lesion status 0.8

0.41

0.29

2.2

0.66

207

Infection 1.6

0.66

0.72

3.6

0.25

299

Trauma 0.9

0.69

0.19

4.1

0.89

297

LEH 1.8

0.71

0.81

3.9

0.15

246
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Table 4.5. Odds-ratios comparing phenetically-inferred migrants to the host-region,
significant p-values in bold.
Region

OR

Robust Standard
Error

95%
Confidence
Interval
Phenetically-Inferred Migrant Status: PH
1.1
0.36
6.4
Middle Rio Grande 1.5
0.2
0.02
1.5
Northern Rio Grande 0.2
2.3
0.08
29.6
Mogollon 1.5
1.1
0.23
6.9
Totah 1.3
Rio Abajo
Phenetically-Inferred Migrant Status: CO
0.7
0.1
6.2
Middle Rio Grande 0.6
0.3
0.0
2.6
Northern Rio Grande 0.3
Mogollon
2.6
0.44
17.3
Totah 2.8
Rio Abajo
Phenetically-Inferred Migrant Status: Infection
0.40
0.5
3.1
Middle Rio Grande 0.4
Northern Rio Grande 3.9
2.7
1.0
15.3
Mogollon
4.7
0.40
39.6
Totah 4
0.9
0.04
10.9
Rio Abajo 0.6
Phenetically-Inferred Migrant Status: LEH
1.9
0.6
10.8
Middle Rio Grande 2.6
0.64
0.2
3.7
Northern Rio Grande 0.9
Mogollon
0.9
0.09
7.2
Totah 0.8
Rio Abajo

pn
value
0.57
0.11
0.79
0.79

129
56
22
26
9

0.68
0.27

101
47
19
23
9

0.28

0.36
0.05
0.24
0.75
0.2
0.8
0.9

150
67
19
24
12
112
58
25
19
7

Phenetically-Inferred Migrant Status: Trauma Indicative of Interpersonal Violence
137
Middle Rio Grande
57
Northern Rio Grande
19
Mogollon
2.1
0.25
16.3
0.52 25
Totah 2
12
Rio Abajo
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Table 4.6. Fisher’s exact test results for phenetically-inferred migrants buried in
the Middle Rio Grande region as compared to the host-group.
Middle Rio
Grande

Nonmigrant
(count)

absent 73
present 48
total 121
absent 63
present 34
total 97
absent 108
present 32
total 140
absent 54
present 48
total 102
absent 134
present 3
total 137

Phenetic
Total χ2/χ2 pFisher’s Exact/ Onemigrant
value
sided Fisher’s exact
(count)
Porotic Hyperostosis
4
77
0.33/0.56 0.71/0.41
4
52
8
129
Cribra Orbitalia
3
66
0.17/0.68 1.0/0.57
1
35
4
101
Infection
9
117
0.9/0.3
0.69/0.31
1
33
10
150
Linear Enamel Hypoplasia
3
57
1.9/0.17
0.19/0.15
7
55
10
112
Trauma Indicative of Interpersonal Violence
8
142
0.18/0.67 1.0/8.4
0
3
8
145
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Table 4.7. Fisher’s exact test results for phenetically-inferred migrants buried in
the Northern Rio Grande region as compared to the host-group.
Northern Rio NonGrande migrant
(count)
absent 27
present 20
total 47
absent 26
present 13
total 39
absent 43
present 14
total 56
absent 20
present 29
total 49
absent 47
present 10
total 57

Phenetic
Total χ2/χ2 pFisher’s Exact/ Onemigrant
value
sided Fisher’s exact
(count)
Porotic Hyperostosis
8
35
3.2/0.07
0.13/0.08
1
21
9
56
Cribra Orbitalia
7
33
1.4/0.2
0.41/0.23
1
14
8
47
Infection
5
48
4.4/0.04
0.06/0.05
6
19
11
67
Linear Enamel Hypoplasia
4
24
0.04/0.84 1.0/0.56
5
34
9
58
Trauma Indicative of Interpersonal Violence
11
58
2.6/0.13
0.19/0.15
0
10
11
68
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Table 4.8. Fisher’s exact test results for phenetically-inferred migrants buried in
the Mogollon region as compared to the host-group.
Mogollon Nonmigrant
(count)
absent 12
present 8
total 20
absent 12
present 0
total 12
absent 17
present 2
total 19
absent 14
present 11
total 25
absent 22
present 0
total 22

Phenetic
migrant
(count)

Total

χ2/χ2 p-value

Porotic Hyperostosis
13
1.5/0.22
9
22
Cribra Orbitalia
0
12
0
0
0
12
Infection
1
18
0.25/0.6
0
2
1
20
Linear Enamel Hypoplasia
2
16
1.5/0.22
0
11
2
27
Trauma Indicative of Interpersonal Violence
2
24
0
0
2
24
1
1
2
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Fisher’s
Exact/ Onesided Fisher’s
exact
0.5/0.34

1.0/0.8

0.5/0.34

Table 4.9. Fisher’s exact test results for phenetically-inferred migrants buried in
the Totah as compared to the host-group.
Totah Nonmigrant
(count)
absent 10
present 8
total 18
absent 11
present 4
total 15
absent 16
present 2
total 18
absent 3
present 10
total 13
absent 15
present 3
total 18

Phenetic
migrant
(count)

Total χ2/ χ2 pvalue

Fisher’s Exact/ One-sided
Fisher’s exact

Porotic Hyperostosis
4
14
0.07/0.79
1.0/5.6
4
12
8
26
Cribra Orbitalia
4
15
1.3/0.26
0.37/0.25
4
8
8
23
Infection
4
20
1.6/0.21
0.25/0.25
2
4
6
24
Linear Enamel Hypoplasia
2
5
0.22/0.64
1.0/0.52
4
14
6
19
Trauma Indicative of Interpersonal Violence
5
20
0.44/0.50
0.6/0.44
2
5
7
25
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Table 4.10. Fisher’s exact test results for phenetically-inferred migrants buried in the
Rio Abajo as compared to the host-group.
Rio NonAbajo migrant
(count)
absent 2
present 4
total 9
absent 5
present 4
total 9
absent 5
present 4
total 9
absent 4
present 3
total 7
absent 5
present 3
total 8

Phenetic
Total χ2/χ2 pFisher’s Exact/ Onemigrant
value
sided Fisher’s exact
(count)
Porotic Hyperostosis
0
2
0.8/0.4
1.0/0.55
0
4
1
10
Cribra Orbitalia
1
6
0.74/0.39
1.0/0.6
0
4
1
10
Infection
2
7
0.11/0.74
1.0/0.64
1
5
3
12
Linear Enamel Hypoplasia
0
4
3.6/0.06
0.19/0.11
4
7
4
11
Trauma Indicative of Interpersonal Violence
3
8
1.5/0.2
0.49/0.34
0
3
3
11
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Survival Analysis. Kaplan-Meier Survival analysis results (Figure 4.3, Table 4.11)
for the individuals identified as phenetically-inferred migrants vs. the entire skeletal
sample are significant (χ2=4.5, p=0.03), and show that phenetically-inferred migrants die
later (restricted mean age 30.5 years) than individuals not identified as migrants(restricted
mean age 21.6 years). These results are mirrored when examining the median age at
death (Table 4.12). In the host-group fifty percent of individuals had died by the age of
16.2, where fifty percent of phenetic migrants had died by 27. This result could be
affected by small sample size, with older migrants pulling up the mean age of death.
However, when smaller samples are involved, the median is likely a good representation
of the results observed. In this case the median and mean ages at death tell the same story
that phenetic migrants have lower mortality risks and die later than non-migrants.
Fisher’s exact test and chi-squared analyses were estimated to examine whether
there is a statistical difference between the age class distribution of phenetically-inferred
migrants and non-migrants. This was done to ensure that there is not a difference between
the age classes that is driving the mortality risk results seen here. The results of these
tests (Fisher’s p = 0.155; χ2 = 7.6, p = 0.2) show that there is no difference between the
distributions. This result provides additional support for an assertion that pheneticallyinferred migrants have lower mortality risks and die later than non-migrants/host-group
members.
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Figure 4.3. Kaplan-Meier survival analysis comparing phenetically-inferred migrants to
host-group.

Table 4.11. Restricted mean age of death.
Phenetic
Migrant Status
Phenetic
Migrant
Host-Group
Total

Number
of
Subjects
36

Restricted
Mean

Std.
Error

30.5

3.9

95%
Conf.
Interval
19.2
23.9

297
333

21.6
22.6

1.2
1.2

23.3
20.2

Χ2 pValue
4.5

0.03

38.2
24.9

Table 4.12. Median age of death.
Phenetic Migrant
Status
Phenetic Migrant
Host-Group
Total

Number of
Subjects
36
297
333

Median Age
of Death
27
16.2
17.5
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Std.
Error
4.95
2.0
2.2

95% Conf.
Interval
20.9
33
11.5
19
12.5
20.9

Discussion

Phenetically-Inferred Migrant Stress and Frailty
Analyses examining phenetically-inferred migrant physiological stress at the
group level lead to the rejection of two predictions regarding phenetically-inferred
migrants outlined at the beginning of the paper. Phenetically-inferred migrants do not
show evidence for greater systemic stress (P1) during growth and development and they
do not show more evidence for interpersonal violence (P3) when compared to the hostgroup. The results of tests of P1 indicate that phenetically-inferred migrants did not
experience additional stressors in childhood when compared to the host-group. More
likely, they experienced external stressors as adults that forced them to move. Due to this,
skeletal and dental indicators of physiological disturbance during growth and
development are not present on their remains.
For the most part, there is no difference between phenetically-inferred migrants
and the entire sample or host-group in odds of infection (P2) when they are examined as a
group. However, phenetically-inferred migrants in the NRG have higher odds of infection
than host-group/non-migrants there. Sites in the NRG that are included in this study were
aggregated and would have been fairly large. Increased odds of infection in pheneticallyinferred migrants buried here could be indicative of cramped living quarters and poorer
environments (Kent 1986; Mou et al. 2015; Walker et al. 2009), such as seen in migrants
today.
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Contemporary studies of health in people who move often find “ambiguous
effects of migration on health” (Deb and Gurevich 2017:3). Depending on the health
markers used, migration has been found to have positive, negative or no impacts on
health (Deb and Gurevich 2017). However, a common trend is that new immigrants to a
place have a health advantage compared to locals (Riosmena et al. 2017; Rote and
Markides 2015; Trovato 2017a) and mortality risk is commonly observed to be lower
(Riosmena et al. 2017; Rote and Markides 2015; Trovato 2017a, 2017b).
When mortality risks are analyzed here, phenetically-inferred migrants have lower
risk of death compared to the rest of the group, thus P4 cannot be rejected. Furthermore,
studies of mortality risk among migrants today report that they have a mortality
advantage when compared to the host-group, even though they are often more socially
disadvantaged than people native to the area (Johns and Sattar 2017; Juarez et al. 2018;
Khlat and Guillot 2017; Wallace and Kulu 2018). The migrant mortality paradox (MMP)
highlights the fact that while migrants are often socioeconomically disadvantaged, they
have lower mortality risks (Khlat and Guillot 2017:4). The MMP is not, however,
observed uniformly across nations (Trovato 2017b). The results of this study also indicate
that a migrant mortality advantage exists and/or that individuals who are less frail selfselect to migrate, something also seen in contemporary migrant studies (Deb and
Gurevich 2017; Goldman et al. 2014). Contemporary studies postulate that the MMP is
driven by self-selection of healthier people to migrate (Puschmann et al. 2017). In the
case of captives, individuals who were younger and more robust may have been selected
for captivity due to these qualities.
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Biodistance
The biodistance results demonstrate that there is regional variation within the
sample. Further, individuals who are likely outsiders due to movement can be identified
through use of statistical analyses. Additionally, if mortuary context is available, it can be
used to further support a claim of outsider status. This result is promising, especially in
cases where destructive analyses are too expensive or are prohibited. The relationships
seen between regions is also what would be expected given geographic locations; the
MRG and NRG abut one another, and this relationship is demonstrated in the cluster of
MRG and NRG individuals next to the MOG cluster. The SJB (Chaco Small Sites) do not
have a distinctive cluster within this analysis. At first this might seem surprising;
however, Chaco Canyon had a diverse population (Judge 2006; Saitta 1997; Toll 1985;
Wills 2009). Recent social network analysis of Chaco Canyon using ceramics indicate
Chaco’s interconnectivity to various places throughout the Chaco World (A.D. 800-1200)
(Mills et al. 2018). People in Chaco Canyon interacted with individuals to the West and
South as well as in the Northern and Middle San Juan Basin (Mills et al. 2018). The
biodistance results likely reflect the true diversity of the Canyon. Future research could
involve collecting more data from Chaco Canyon in order to compare the small sites to
Pueblo Bonito (for example). The MOG and RA districts cluster together, they are in
relatively close geographic proximity, and it could be expected that there was gene flow
or shared ancestry between some of the individuals in these areas. Additionally, the
individuals buried in the RA who cluster away from the main group cluster within the
NRG. This may be indicative of a tie (tenuous, in this case, due to small sample size) to
the Mesa Verde migrants in the NRG (e.g. Ortman 2010, 2012).
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Interestingly, while there are no statistically significant differences in stress
indicators or trauma incidence between phenetically-inferred migrants and the
overarching sample, some individuals identified as phenetically-inferred migrants do
exhibit skeletal changes that are outside of the norm. An older adult male from Tijeras
Pueblo (MRG), Burial LA 581 60/4, is one of four people in the entire sample (4/170,
2.3%) who was scored as having extensive degenerative joint disease (DJD) in the
shoulder and elbow and one of two out of 153 (1.3%) people scored as having extensive
DJD in the hip and knee. The DJD observed involves breakdown of the cortical bone,
eburnation and a likely loss of mobility. This individual was identified as a phenetic
migrant through statistical analysis (and was an outsider in A2, A3 and A4, in one case
clustering with the SJB, in the other two clustering with the NRG). It is intriguing that
these individuals also have skeletal changes that could indicate outsider status. The odds
of having DJD increase with age, but the type of DJD seen in this individual is rare
within this sample. Unfortunately, no information is available about this person’s burial
context.
Another individual, LA 37601 B4, was identified as a phenetically-inferred
migrant in this study. She was identified as a phenetically-inferred migrant in each
analysis example provided and clustered with the MRG in each; in the case of the site
level analysis, she clustered with PMO. She was also identified by Martin (2008a, 2008b)
as a possible captive. This woman exhibits evidence for trauma, osteoarthritic changes
indicative of hard labor and extensive infection. Additionally, she was buried in a
haphazard position with no artifacts. All evidence points to this individual occupying a
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marginalized status in the culture in which she lived. The phenetic data add further
support to an assertion of her outsider status.
Further, GS-7-3, a juvenile from the RA, was buried in an extended position
alongside three adults (who did not have dentition complete enough for morphological
analysis) at Gallinas Springs, none of whom were buried with artifacts. This individual
clusters in the main NRG regional group away from the RA cluster (and is also an
outsider in all analyses provided; clustering with the NRG in each of those). Many of the
other individuals at Gallinas Springs were buried in flexed positions on their sides. This
result is interesting given the assertion by Lekson et al. (2002) that people buried at
Gallinas Springs are possibly migrants from the Mesa Verde region. When the Mesa
Verde region was abandoned a drastic increase in NRG population size occurred (Boyer
et al. 2010; Crown et al. 1996; Fowles 2004; Kohler et al. 2010; Lipe 1995, 2010; Ortman
2010; Schachner 2015; Varien 2010) and a commonly accepted explanation for this
growth is that people from the Mesa Verde area moved into the NRG.
Not every individual identified as an outsider exhibits atypical mortuary
patterning. An old adult female from Kuaua (MRG), Bk 60/79 was an outsider in the
majority of phenetic analyses, clustering with the MOG. She had no pathology of note.
She is buried in a fairly typical position, flexed and on her side. Interestingly, Dutton
(1963) postulated that a group of migrants from the Mogollon moved to Kuaua and
assimilated into the host group in the middle to late A.D. 1300s.
The ability to identify phenetically-inferred migrants using dental morphological
data and individual level statistical analyses is bolstered by the results seen for TOT sites.
Individuals identified as captives or outsiders in extensive research of their health status
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and burial context by Martin and colleagues (Martin 1997, 2008a, 2008b; Martin and
Akins 2001; Martin et al. 2001; Martin et al. 2010) are also, for the most part, outsiders
as far as phenetic data is concerned. Martin (2008b) reports that most burials in the TOT
consist of individuals buried in flexed positions along with funerary objects.
Of the individuals from the TOT, eight identified by Martin and colleagues in
various publications (Martin 2008a, 2008b) are also phenetic outliers in my analyses.
There are several females with cranial trauma, evidence for infection, and degenerative
joint disease indicative of great physical strain that do not follow the typical burial
pattern, and instead are buried haphazardly without accompanying objects (Martin 2008a,
2008b). While it is unclear from the analyses in the present study where these women
came from, it is clear where they are not from. They are not from the TOT and appear to
be varied in their ancestry. Raiding for women in the Southwest generally took place in
communities just beyond the perimeter for bride exchange, and these women are
phenetically different from others in the TOT; so, it is possible that they come from areas
surrounding the TOT. The results seen here lend further support to Martin and
colleagues’ (Martin 1997, 2008a, 2008b; Martin and Akins 2001; Martin et al. 2001;
Martin et al. 2010) assertions regarding these people and their captive status.

Conclusions

This study demonstrates that individuals who are likely outsiders, through migration
or captivity, can be identified through use of biodistance paired with burial context.
Individuals identified as outsiders through archaeological context and indicators of
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skeletal stress in other studies (Martin 2008a, 2008b) are also phenetic outsiders,
demonstrating the utility of individual-level biodistance analysis for examination of
relationships at the scale of the individual.
As a group, migrants are not any less healthy nor do they appear to have a
different disease burden than the overarching sample. An exception here is that
individuals identified as phenetically-inferred migrants in the NRG have higher odds of
infection than individuals identified as host-group or non-migrants. This could be
indicative of cramped living quarters and resource access restrictions experienced by
migrants today. Additionally, survival analysis results show that phenetically-inferred
migrants have a lower mortality risk compared to the overall sample. This result suggests
that individuals who are relatively less frail self-select (or in the case of the TOT
individuals are selected) for migration.
A limitation of this study is that phenetic data are not as precise as aDNA or
isotopic analyses. Due to the nature of the data used it is possible that people who moved
were “missed” or that people who did not move were identified as migrants. In trying to
combat this issue, individuals identified as phenetic migrants were chosen conservatively;
they had to remain outsiders in a majority of analyses. Further, while the migrant
mortality paradox would indicate that people who migrate willingly are less frail, this
might not hold for individuals who were taken captive. The results observed here would
indicate that hardy/robust people were also chosen for captivity. A final limitation is that
there is no way to tell how old a person was when they moved from the data here; the
analyses can only pinpoint individuals who are phenetically different from others in the
place where they are buried.
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Conclusions

This dissertation examines migration and its impacts on health in the pre-contact
U.S. Southwest. Ancestral Puebloans used mobility as a strategy to ensure survival and to
cope with negative factors. Chapter 2 examines where the Gallina may have gone upon
abandoning their homes, as it seems unlikely that all individuals in the Gallina district
were killed as is indicated by oral history; migration to the areas near Jemez is the
explanation most commonly accepted by non-Gallina archaeologists (Cordell 1979a,
1979b; Ford et al. 1972; Stuart and Gauthier 1984). Biodistance analyses suggest that
both of these suggestions are unlikely and instead indicate ties between the Gallina
people and the Middle Rio Grande. The results indicate either common ancestry or
movement of Gallina people into the Middle Rio Grande. The MRG site that they cluster
most closely with is Chamisal; however, many sites included in this study that are in the
MRG were founded following the Gallina District’s abandonment. Future archaeological
studies could focus on examining artifacts from these sites for evidence of a Gallina
presence in the MRG.
Chapter 3 shows that individuals in this sample with active lesions have higher
mortality risks than individuals with healed or no lesions. Due to the nature of the data
included in this study, it was not possible to examine certain societal influences on who
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might develop skeletal lesions and who was more likely to survive to heal lesions. It is
possible that status differences, social inequality and hierarchical organization play a role
in lesion formation and healing.
Chapter 4 demonstrates that there are non-destructive approaches for
identification of individuals who are outsiders when destructive analyses are prohibited
or prohibitively expensive. This chapter examines the impacts of being a pheneticallyinferred migrant on health and demonstrates that migrants are less frail, with lower
mortality risks than individuals not identified as migrants (host-group); this result is seen
in migrants today (Juarez et al. 2018; Khlat and Guillot 2017; Trovato 2017a, 2017b).
This migrant advantage is not explained in today’s public health literature; and it is
unclear what drove it in the past. This chapter also demonstrates that generally, migrants
are no different health-wise from non-migrants/host group, with the exception of
migrants in the NRG. Here, migrants had increased odds for infection than the
individuals not identified as migrants (host-group). This may indicate inequality, resource
access restrictions or poor living conditions for migrants in this region. However, it could
also indicate a naïve immune response to endemic pathogens.
The fourth chapter employs methods used in the first and second chapters and
applies them to: 1) identify phenetically-inferred migrants; 2) examine health differentials
between phenetically-inferred migrants and host-population and non-migrant groups.
The following summarizes my major findings, followed by a list of all hypotheses
and predictions that were not discussed in the chapters of this dissertation, but that were
addressed, with results are provided in the Appendices.
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Major Findings

1) The Gallina people are biologically linked to the people of the Middle Rio Grande
region, and they may have migrated southwards due to strife in their homeland.
2) Phenetic outsiders can be identified through use of dental morphology, and by
extension, other skeletal or dental markers used in biodistance analysis. These
results are bolstered by archaeological evidence for outsider status, such as that
seen in the La Plata Highway project burials.
3) Kaplan-Meier analysis shows statistically different survival outcomes for
individuals with active, healed or absent lesions (PH, CO, or infection). Results
demonstrate that individuals with active lesions are comparatively more frail than
individuals with healed or no lesions. Additionally, people with healed lesions are
robust to systemic stress insults, with increased survivorship when compared to
individuals with active or no lesions.
4) Cribra Orbitalia (CO) is likely indicative of a more severe health issue than PH.
CO occurs in cases of chronic illness, including anemia associated with chronic
disorders such as renal failure, the end stages of this disease are associated with
hypoplastic bone marrow (Rivera and Mirazón Lahr 2017). Renal failure has high
mortality rates if left untreated, so active CO lesions in infants/children would be
consistent with a chronic, fatal disease (Rivera and Mirazón Lahr 2017). The
results in this study provide further evidence that CO and PH are not linked
indicators of stress, but instead signify systemic disturbances of different etiology,
with CO possibly being indicative of a more severe illness.
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5) Individuals identified as phenetically-inferred migrants as a group are not
different from the overarching sample in health indicators, including PH, CO,
infection or LEH. However, examination of select individuals who are outsiders
shows that they have evidence for more extreme trauma and/or infection or
degenerative diseases than non-outsiders.
6) Phenetically-inferred migrants are more robust (less frail) than non-migrants and
host-group. This result indicates that people who are healthier self-select to move
or are selected to move (as captive or slaves). This could also be indicative of the
migrant mortality paradox (migrants tend to have a mortality advantage when
compared to their host-group).
Two predictions were outlined in the introduction and not addressed in any of the
chapters directly; results of analyses used to test them are provided in Appendices 1 and
2. The predictions along with brief discussion are provided below:
1) Non-migrants will show evidence for interpersonal violence at greater levels than
the migrants or the host population. Appendix 2, Tables A2.27 and A2.28 provide
results for tests of whether individuals identified as host-group/non-migrants have
more evidence for interpersonal violence than phenetically-inferred migrants or
host-group. Individuals buried in the Gallina district are identified as nonmigrants; they were unable to move away due to death. There are significant
results for individuals buried in the Gallina District and at the Gallinas Springs
sites. When individuals buried in the Gallina district and at Gallinas Springs who
are identified as non-migrant/host-group are compared to the overarching sample,
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they have higher odds of having trauma indicative of interpersonal violence than
the rest of the sample.
2) Non-migrants and host-group do not show evidence for greater systemic stress
during development when compared to either migrants or host-group thought to
have derived from them. Appendix 2, Tables A2.29-A2.36 provides results for
odds-ratios and Fisher’s exact tests of this prediction. Individuals buried at
Gallinas Springs and Tijeras who are identified as non-migrants/host-group have
higher odds of PH when compared to the overarching sample (Tables A2.31 and
A2.32). This indicates that in some cases individuals not identified as migrants do
have greater odds of systemic stress burden, than phenetically-inferred migrants
do. Other results that are approaching significance at the 10% level are: a) nonmigrant/host individuals buried at Kuaua have higher odds of having CO than the
sample at large (Tables A2.33 and A2.34); b) non-migrant/host individuals buried
at La Plata Highway Sites and Pottery Mound have higher odds of having LEH
present than the sample at large (Tables A2.35 and A2.36); c) non-migrant/host
individuals buried at Sapawe have higher odds of infection than the sample at
large (Tables A2.29 and A2.30).

Contributions to the Field

This research adds to a growing body of literature (DeWitte 2010, 2014a, 2014b,
2014c, 2018; DeWitte and Bekvalac 2009, 2011; Dewitte and Hughes-Morey 2012;
DeWitte et al. 2016; DeWitte and Wood 2008; Ham 2018) on the osteological paradox
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and hidden heterogeneity in risks and frailty in skeletal samples. It demonstrates that
differential frailty/hidden heterogeneity in risks played a role in mortality risks. Active
lesions are associated with increased mortality risks for all lesion types; healed lesions
are associated with decreased mortality risks, but the association is less strong than that
seen with active lesions. Kaplan-Meier analysis results indicate that cribra orbitalia is
likely associated with a more severe illness than porotic hyperostosis.
Further, Chapter 3, addresses hidden heterogeneity in risks between different
lesions (CO and PH). This study demonstrates that there are layers to hidden
heterogeneity; not only are different individuals differentially at risk, but different stress
lesions also create differential risks. Following studies by DeWitte and colleagues
(DeWitte 2010, 2014a, 2014b, 2014c, 2018; DeWitte and Bekvalac 2009, 2011; Dewitte
and Hughes-Morey 2012; DeWitte et al. 2016; DeWitte and Wood 2008), this paper
shows that individuals with active lesions have greater mortality risk and exit (die) earlier
than individuals with healed or no lesions. LEH is only a predictor of mortality in adults:
adult individuals with LEH have greater mortality risk and exit earlier than adult
individuals without LEH. Additionally, and perhaps the most interesting result of this
study is that for cribra orbitalia (CO). CO is demonstrated to increase mortality risks
when present, regardless of its status. This indicates that individuals with CO likely have
a more severe underlying health issue/greater underlying frailty than individuals with
other lesion types.
This research also demonstrates that individuals who are likely from elsewhere
can be identified through use of individual level biological distance analysis. While the
nature of morphological data means that some migrant individuals could be missed; if
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paired with information regarding mortuary context, where available, phenetic outsider
status can be further bolstered. Further, linear discriminant analysis provides information
on the amount of variance explained by each discriminant and cluster analysis provides a
cophenetic correlation that gives the fit of cluster. In this study, the amount of variance
explained by the linear discriminants is over 75% and the cophenetic correlation
demonstrated goodness of fit. This method can be used in future studies and in other
ways to examine ancestry and its impacts on health. Chapter 4 used non-dichotomous
categorical data, as opposed to dichotomous data, in order to avoid loss of variation
between individuals. Individuals from the La Plata Highway sites previously identified as
outsiders due to burial context and health status are also identified as outsiders through
dental biodistance analysis. Migrants as a group do not have evidence for poorer health
than non-migrants or host-population. Further, migrants, when examined as a group have
lower mortality risks and later ages at death than individuals identified as non-migrants or
host group.
This dissertation is among the first to pair biodistance data with health data in this
way. Two other studies have paired biodistance data and health data in a similar fashion.
Haagen Klaus’ (2008) dissertation also examined biodistance and population variation as
well as health outcomes in Peru. The impacts of colonization on health were assessed
through use of biodistance and skeletal indicators of stress. Klaus found an increase in the
prevalence of systemic stress post-contact as well as evidence for hard labor in the form
of degenerative joint disease and osteoarthritis and accidental trauma. The biodistance
analyses demonstrated that Mochica genetic diversity dropped post-contact, likely due to
new definitions of what it meant to be Mochica.
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O’Donnell and Edgar (2019, in review) examined the impacts of cultural
constructs of race on health outcomes in a freed slave cemetery; methods developed in
that study formed a baseline for the methods used in this dissertation. We paired linear
discriminant analysis results with stress indicators and found that not only can the
impacts of social constructs be detected in skeletal remains, but that individuals with
greater African ancestry on average, live fewer years than people with greater European
ancestry.
Finally, this research adds to our understanding of the movements of a group of
people in the USSW that are commonly thought of as biological and cultural isolates.
Chapter 2 establishes that the Gallina did not move to nor did they interact with
individuals from Jemez Pueblo at least as far as gene flow is concerned. It is possible that
some individuals from the Gallina district moved south, towards the Middle Rio Grande
region, perhaps due to established relationships there, or perhaps because it put them at a
distance from individuals with whom they had negative relationships.

Difficulties encountered along the way

The sampling strategy of only including individuals who had teeth complete
enough for biodistance generally worked well. In the end, however, when determining
trait correlations and then removing traits for the final set of analyses, some individuals
were left with little to no data. I removed individuals missing greater than 70% of their
data and thus, even with this sampling strategy in place, some people had to be removed
from biodistance analyses. Health data was available for 336 individuals, but only 315
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individuals made it into the biodistance analysis. However, in the end, I would not alter
this sampling strategy; the individuals who were not included in this set of analyses likely
have enough dental traits to be included in different analyses in the future. Additionally, a
difference of 20 individuals between the two samples is acceptable; this sampling
technique most certainly reduced the time it took to collect data (2.5 years). I would not
alter this strategy and collect data for everyone, as many individuals did not have
sufficiently complete data to be included in biodistance analysis. The strategy I chose
relies on relatively random preservation and was not designed to, say, only examine
individuals with traumatic injury.
Data collection was extremely time-intensive. I could have saved time by only
collecting the data that I ultimately analyzed in this dissertation. However, all of the
additional data (metrics, oral health) that are not in this set of papers, will be used for
related research.
I had originally planned to collect data on the complete mortuary context and
burial offerings for each individual. This proved to be too much for this study and would
have required years in the archives. I was able to glean information for many burials from
files stored at the Maxwell Museum, but it would be a fruitful endeavor for a future
researcher to synthesize all existing information regarding mortuary context.
For example, the site Kuaua has detailed burial information, but at some point, the
burial numbers recorded in the individual notes and the burial numbers for individual sets
of remains became disarticulated, rendering it impossible to identify if a set of skeletal
remains belonged to the paperwork labeled with their present-day number or not.
Additionally, the original field notes were not always complete and some lacked basic
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information about burial position, while others were quite detailed. While mortuary
program information was not available for all individuals included in this study (see
Appendix 3), it was available for several sites (Chamisal, Gallinas Springs, and La Plata
Highway project sites) in relatively complete detail. This allowed me to strengthen the
claims of outsider status for some individuals independently identified as phenetic
outsiders.

Limitations and Future Directions for Research

This study is limited in that it does not include aDNA or isotopic analyses of
migrants. While these analyses would have allowed for finer grained examination of
migration and possibly would have allowed me to pinpoint individuals who are likely
migrants with greater certainty, dental morphological data, when augmented through use
of statistical analysis and paired with mortuary context (where available) does allow for
identification of likely phenetic outsiders. Additionally, this method is non-destructive
and less expensive than aDNA or isotopic analysis.
Future researchers could examine individual level migration through use of other
(craniometrics, dental metrics) biometric data and include individuals from southern
Colorado. If this was done, they could address Mesa Verde migrations at the individual
level (Ortman 2012). Due to issues with intra-observer error (e.g. Pilloud et al. 2018), the
individual-level analyses would likely need to be done with data collected by a single
researcher with acceptable intra-observer error scores. Another topic for future research
that could prove fruitful would be the collection of all archival data for this sample,
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including grave goods, mortuary furniture from original field notes and detailed analyses
of those grave goods once located. These could then be analyzed to determine how grave
goods and mortuary contextual information compare to biological information in much
greater detail.
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Appendix 1

Appendix 1 provides information and tables for dental morphology related
analyses and results not included in the main body of the dissertation. The first portion of
the appendix provides error test results for AO, the second examines trait frequencies
over time and by region.

A1.1 Intra-observer Error Tests

A1.1.1 Methods: Intra-observer error tests
A sample of 44 individuals was examined twice with a separation of a week to
three months to conduct intra-observer error tests of rater reliability. Cohen’s Kappa was
estimated in addition to the average mean grade difference (AMGD) and presenceabsence variance following Nichol and Turner (1986). AMGD was used to examine
differences in scoring of categorical data and is the absolute value of scoring differences,
it does not account for directional differences (up or down the grade scale) (Pilloud
2009). Presence-absence variance is used to assess whether categorical differences in
scoring of a trait resulted in it being scored as present in one session and absent in
another, or vice versa.

172

A1.1.2 Results Intra-observer error tests
Cohen’s Kappa results show an intra-observer percent agreement between 0.72
and 1, with an average K of 0.74. K values between 0.61 to 0.80 are defined as
“substantial agreement” and between 0.81 and 1 are defined as almost perfect agreement
(McHugh 2012). Traits were scored as present during one session, but absent another
between 0 and 28% of the time. This is comparable to other studies: Nichol and Turner
(1986), who report 0-39.6% and Edgar (2002) who reports 0-28%. AMGD was 34%,
this is comparable to Edgar and Lease (2007), who report 35.8% AMGD and Nichol and
Turner (1986) who report scores between 33.6%-37.8%. This is higher than Pilloud
(2009), who reports 21% AMGD. Overall, these results represent acceptable intraobserver error. Table A1.1 provides results.
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Table A1.1. Traits along with AMGD (presented as a percentage), presence/absence
difference (presented as a percentage), percent agreement (presented as a percentage),
percent error and Cohen’s Kappa score.
Trait AMGD Pres/ Abs
Difference

mand_shovel_i1
mand_absence_m3
mand_distal_c
mand_complex_pm1
mand_complex_pm2
mand_elong_pm1
mand_elong_pm2
mand_proto_m1
mand_proto_m2
mand_proto_m3
mand_cusp5_m1
mand_cusp5_m2
mand_cusp5_m3
mand_cusp6_m1
mand_cusp6_m2
mand_cusp6_m3
mand_cusp7_m3
max_wing_i1r
max_diastema_i1r
max_labial_i1
max_shovel_i1
max_shovel_i2
max_shovel_c
max_double_i1
max_double_i2
max_interrupt_i1
max_interrupt_i2
max_tuber_i1
max_tuber_i2
max_tuber_c
max_metacone_m1
max_metacone_m2

13.95
13.95
32.56
30.23
27.91
6.98
4.65
13.95
6.98
9.30
25.58
16.28
13.95
4.65
11.63
4.65
9.30
18.60
9.30
18.60
23.26
18.60
20.93
13.95
20.93
6.98
16.28
27.91
23.26
20.93
16.28
11.63

4.44
0.00
18.18
6.82
7.32
2.44
0.00
7.50
0.00
4.88
5.26
2.70
2.44
0.00
0.00
0.00
2.44
5.26
2.27
15.22
13.33
0.00
17.07
9.30
13.95
0.00
2.56
19.15
4.65
4.65
14.29
2.50

Trait
Percent
Percent Kappa
Scored
agreement error
During
only 1
session
0.00
1.00
0.55
1.00
13.95
0.86
0.50
0.72
9.30
0.84
0.39
0.73
2.33
0.95
0.62
0.88
4.65
0.88
0.50
0.77
4.65
0.95
0.59
0.89
4.65
0.95
0.73
0.83
4.65
0.86
0.39
0.77
6.98
0.95
0.38
0.92
4.65
0.91
0.54
0.80
13.95
0.84
0.43
0.72
11.63
0.84
0.38
0.74
2.33
0.93
0.56
0.84
4.65
0.93
0.47
0.87
11.63
0.88
0.49
0.77
2.33
0.98
0.58
0.94
4.65
0.93
0.55
0.85
4.65
0.86
0.40
0.77
4.65
1.00
1.00
1.00
2.33
0.93
0.45
0.87
0.00
0.93
0.40
0.88
0.00
1.00
0.61
1.00
4.65
0.81
0.36
0.72
0.00
0.91
0.38
0.85
0.00
0.88
0.40
0.81
4.65
0.95
0.49
0.91
9.30
0.91
0.37
0.85
0.00
0.88
0.34
0.82
0.00
0.98
0.35
0.96
0.00
0.95
0.39
0.92
0.00
1.00
0.49
1.00
0.00
0.91
0.35
0.86
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Trait AMGD Pres/ Abs
Difference

max_metacone_m3
max_hypocone_m1
max_hypocone_m2
max_hypocone_m3
max_cusp_m3
max_carabelli_m1

9.30
18.60
11.63
2.33
11.63
18.60

2.38
9.76
0.00
0.00
9.76
2.50

Trait
Percent
Percent Kappa
Scored
agreement error
During
only 1
session
2.33
0.95
0.59
0.89
0.00
0.88
0.47
0.79
16.28
0.86
0.41
0.76
6.98
0.93
0.65
0.80
0.00
1.00
0.76
1.00
6.98
0.93
0.35
0.89

A1.1.3 Trait Frequencies: Change over Time and by Region
To address the question of whether time period impacts dental morphological trait
frequencies, the following hypotheses were tested:
a. If time-period is driving dental morphological trait frequency changes,
there will be significant difference in trait frequencies between time
periods.
b. If regional variation is driving dental morphological trait frequency
differences, there will be significant differences between regions.
The underlying premise of biodistance is that populations who are phenetically
similar to each other are more closely related to one another than they are to populations
who are less phenetically similar (Pilloud and Larsen 2011; Stojanowski and Schillaci
2006:50-51). The expectation, then, is that groups that come from a common genetic
background will have certain traits at higher than expected frequencies. In general, if an
individual clusters with a place that they are separated from by time, this means that they
are more similar to people from that place, sharing common ancestry or having migrated
from that region, but from sites that are temporally earlier and not included in analysis.
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However, to ensure that trait frequencies did not change over time, analyses were
conducted to look for significant differences in trait frequencies between time periods.
The sample was split into “early” (sites from PII, 900-1100 AD), “middle” (sites
spanning PII/PIII and PIII, 1100-1300 AD), and “late” (sites spanning PIII/PIV and PIV,
1325-1550 AD) and t-tests were done to examine trait frequency differences. The dental
morphological traits used were weighted so as to be comparable to one another (on a
scale from zero to one). Following trait weighting a t-test was used to test for differences
in means between the time periods (early-middle, early-late, middle-late). If the null
hypothesis (trait frequencies are the same between time periods) is not rejected, this
supports an assertion that trait frequencies did not change over time.

A1.1.4 Results
No significant difference in means was found in trait frequencies between time
periods, so the null hypothesis (that frequencies remain the same) was not rejected (earlymiddle p=0.8788; early-late p=0.4187; middle-late p =0.1630). For a visual
representation of this result, see Figure A1.1, for a boxplot of trait means for the time
periods tested.
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Figure A1.1. Trait Frequencies by Time Period.
T-tests and box-plots (see Figure A1.2) for the dental traits were also done for
regional trait frequencies. If the null hypothesis (trait frequencies are the same between
regions) is rejected, the observed regional frequencies did not occur by chance and
support an assertion of common genetic background within regions. Significant
differences were found between regions (MRG-NRG p=0.05; MRG-SJB p=0.02; NRGSJB [approaching significance] p=0.07). As demonstrated in the above analyses by time
period and the analyses by region, differences in frequencies are likely driven by
geographic locations.
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Figure A1.2. Trait Frequencies by Region
A1.1.5 Traits and Figures Relevant to Chapter 4
Due to use of polychoric correlations for removal of correlated categorical data,
some traits that are often correlated when using binary data and tetrachoric correlations
are not correlated- hence the inclusion of tuberculum dentale for upper I1, I2, and canine.
Table A1.2 provides a list of traits used to estimate the LDA shown in Figure A1.3.
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Table A1.2. List of traits used to estimate the final LDA, shown in Chapter 4 (Analysis
4).
MANDIBULAR
mand_shovel_i2
mand_absence_m3
mand_distal_c
mand_complex_pm1
mand_ant_m1
mand_groove_m1
mand_proto_m1
mand_cusp6_m2
mand_ext_m1

MAXILLARY
max_shovel_i1
max_shovel_i2
max_double_i2
max_interrupt_i1
max_tuber_i2
max_tuber_c
max_cusp_pm1
max_metacone_m1
max_hypocone_m2
max_cusp_m1
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Figure A1.3. Three-Dimensional LDA plot, results used to create the final dendrogram
(A4) in Chapter 4.
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The 3D plot of the LDA (Figure A1.3) results shows distinctive clusters for the
Totah (TOT), MRG, NRG, and Mogollon (MOG) regions. The Mogollon group clusters
to the back right, Totah to the front right, MRG to the front left and NRG to the back left.
There is a small cluster of individuals from the RA in the back-left corner; however, there
is not a distinctive grouping of these people as with the other groups. The SJB group is
widespread throughout the plot and has no distinctive clustering. A dendrogram using
Mahalanobis distance was used to flatten and label the LDA results to better pick out
individuals who are likely phenetic outsiders.

A1.1.1.1 Phenetically-inferred migrant ages as compared to Host/Non-migrants

Fisher’s exact test and chi-squared analyses were estimated to examine whether
there is a statistical difference between the age class distribution (See Table A1.3 for
counts of individuals in each age class) of phenetically-inferred migrants and nonmigrants. This was done to ensure that there is not a difference between the age classes
that is driving the mortality risk results seen here. The results of these tests (Fisher’s p =
0.155; χ2 = 7.6, p = 0.2) show that there is no difference between the distributions. This
result bolsters an assertion that phenetically-inferred migrants have lower mortality risks
and die later than non-migrants/host-group.
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Table A1.3. Counts of phenetically-inferred migrants by age class compared to all nonmigrant/host counts.
Age NonClass migrants/Host
1
2
3
4
5
6
Total

95
53
46
39
26
41
300

Pheneticallyinferred
migrants
5
6
5
9
3
8
6

Total
100
59
51
48
29
49
336

A1.1.1.2 Initial Analyses – Identification of outliers

Twenty LDA analyses and dendrograms were done using different groupings,
different individuals, and different traits. The original list of possible pheneticallyinferred migrants was long and winnowed down through the process described below. I
provide the final list of phenetically-inferred migrants and identify them in each plot
provided in this section. This set of examples works backwards through the process and
is streamlined.
For each analysis that either added or removed individuals/groups tetrachoric
correlations were redone and traits that were correlated removed. The following tables
and figures are a selection of three of these analyses to demonstrate the process of
identification of phenetic outsiders. Individuals were required to be outliers in a majority
(15/20) of the analyses in order to be classified as “phenetically-inferred migrants” in the
final analyses presented in Chapter 4. Due to the nature of these analyses, not every
individual identified as a phenetically-inferred migrant in the final analyses is present in
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each preceding analysis. Additionally, not every analysis iteration is shown. The
examples are numbered arbitrarily to aid in organization of this section.

A1.1.1.3 Analysis 1

Analysis 1 included 294 individuals, 21 morphological traits and was done at the
region level (Table A1.4, Figure A1.4). The three linear discriminants estimated for this
analysis explained 70.7% of the variance. The final dendrogram presented here has a
cophenetic correlation of 0.73. Individuals identified as outliers in the final analysis are
marked with stars.
Table A1.4. Traits used in Analysis 1.
MANDIBULAR
mand_absence_i1
mand_distal_c
mand_complex_pm1
mand_complex_pm2
mand_cusp5_m2
mand_cusp7_m1
mand_ext_m1
mand_ext_m2

MAXILLARY
max_shovel_i2
max_shovel_c
max_double_i1
max_double_i2
max_cong_m3
max_interrupt_i1
max_tuber_i2
max_tuber_c
max_distal_c
max_cusp_pm1
max_metacone_m2
max_carabelli_m1
max_ext_m1
max_ext_m2
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Figure A1.4. Dendrogram/LDA results for Analysis 1.
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A1.1.1.4 Analysis 2

Analysis 2 included 239 individuals, 25 morphological traits and was done at the
site level (Table A1.5, Figure A1.5). The three linear discriminants estimated for this
analysis explained 44.8% of the variance. The final dendrogram presented here has a
cophenetic correlation of 0.73. Individuals identified as outliers in the final analysis are
marked with stars. Due to the low amount of variance explained by LDA at the site level
(this low variance was repeated in each site level analysis), I used region-level analysis
for Chapter 4.
In this analysis, individuals buried at the same site generally clustered together.
Chaco small sites have two (small) distinctive clusters. However, this is the only
analysis where these individuals cluster together creating definable groupings. Due to
this, phenetically-inferred migrants from this area could not be identified.
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Table A1.5. Traits used in Analysis 2.
MANDIBULAR

MAXILLARY

mand_shovel_i2
mand_complex_pm2
mand_ant_m1
mand_proto_m1
mand_proto_m2
mand_cusp5_m1
mand_cusp6_m1
mand_ext_m1
mand_ext_m2

max_wing_i1r
max_shovel_i1
max_shovel_i2
max_double_i1
max_double_i2
max_interrupt_i2
max_tuber_i1
max_tuber_i2
max_tuber_c
max_mesial_c
max_metacone_m2
max_hypocone_m1
max_hypocone_m2
max_cusp_m1
max_cusp_m2
max_carabelli_m1
max_ext_m1
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Figure A1.5. Dendrogram/LDA results for Analysis 2.
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A1.1.1.5 Analysis 3

Analysis 3 included 293 individuals, 18 morphological traits and was done
comparing specific sites (e.g. Pottery Mound, Gallina) to regions (MRG, NRG, SJB, RA,
and TOT) (Table A1.6, Figure A1.6). The three linear discriminants estimated for this
analysis explained 71.1% of the variance. The final dendrogram presented here has a
cophenetic correlation of 0.71. Individuals identified as outliers in the final analysis are
marked with stars.
Table A1.6. Traits used in Analysis 3.
MANDIBULAR

MAXILLARY

mand_absence_i1
mand_distal_c
mand_complex_pm1
mand_cusp5_m2
mand_cusp7_m1
mand_ext_m1
mand_ext_m2

max_shovel_c
max_double_i1
max_double_i2
max_cong_m3
max_interrupt_i1
max_tuber_i2
max_cusp_pm1
max_metacone_m2
max_carabelli_m1
max_ext_m1
max_ext_m2
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Figure A1.6. Dendrogram/LDA results for Analysis 3.
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Appendix 2

This appendix provides skeletal and dental stress related data and additional
analyses not included in the main body of the dissertation. Tables A2.1 through A2.3
provide frequencies if CO, PH, non-specific infection, and LEH for each site included in
this study. These are provided so as to be comparable to many Southwest
bioarchaeological studies prior. Tables A2.4 through A2.6 provide frequencies from
other studies in the American Southwest. They do not represent all studies in the
Southwest; however, they provide some baseline information about frequencies of these
lesions in various places.

A2.1. Frequencies of Stress Indicators: This Study and the Southwest
Table A2.1. Frequencies of presence/absence of PH and CO in this study by site.
Site
Angus
Chaco
Chamisal
Gallina
Gallinas
Springs
Kuaua
La Plata
Mimbres
Pottery
Mound
Puaray
Sapawe
Tijeras
Yunque
Total

Absent
(PH)
6
9
13
23
2

Present
(PH)
2
11
10
11
10

Total
(PH)
8 (25%)
20 (55%)
23(43.5%)
34 (32.3%)
12 (83.3%)

Absent
(CO)
7
8
13
22
6

Present
(CO)
0
7
6
6
4

Total
(CO)
7 (0%)
15 (46.7%)
19 (31.6%)
28 (21.4%)
10 (40%)

24
13
7
16

17
12
7
11

43 (39.5%)
25 (48%)
14 (50%)
27 (40.7%)

14
14
5
17

14
8
0
6

28 (50%)
22 (36.6%)
5 (0%)
23 (26%)

5
9
19
3
149

11
8
3
2
115

16 (68.8%)
17 (47.1%)
22 (13.7%)
5 (40%)
264 (43.6%)

5
8
17
3
139

6
5
3
3
68

11 (54.5%)
13 (38.5%)
20 (15%)
6 (50%)
207 (32.8%)
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Table A2.2. Infection frequencies in the sample by site.
Site

Angus
Chaco
Chamisal
Gallina
Gallinas Springs
Kuaua
La Plata
Mimbres
Pottery Mound
Puaray
Sapawe
Tijeras
Yunque
Total

Absent
8
20
16
36
7
46
19
10
24
13
5
18
7
229

Present
0
6
5
8
5
11
4
2
4
8
8
5
3
69

Total (% present)
8 (0%)
26 (23.1%)
21 (23.8%)
44 (18.2%)
12 (41.7%)
57 (19.3%)
23 (17.4%)
12 (16.7%)
28 (14.3%)
21 (38.1%)
13 (61.5%)
23 (21.7%)
10 (30 %)
298 (23.2%)

Table A2.3. LEH frequencies by site. Individuals with one or more macroscopically
visible LEH.
Site
Absent
Present
Total (% present)
4
4
8 (50%)
Angus
11
8
19 (42.1%)
Chaco
10
8
18 (44.4%)
Chamisal
14
22
36 (61.1%)
Gallina
4
7
11 (63.6%)
Gallinas Springs
20
21
41 (51.2%)
Kuaua
5
13
18 (72.2%)
La Plata
12
7
19 (36.8%)
Mimbres
6
17
23 (73.9%)
Pottery Mound
8
0
8 (0%)
Puaray
6
6
12 (50%)
Sapawe
13
9
22 (40.9%)
Tijeras
4
6
10 (60%)
Yunque
Total
117
128
245 (52.2%)
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Table A2.4. Frequencies of CO, PH or both in the Southwest from the literature. Blanks exist where the data are not
available; total n provided for adult and juveniles. Percentages are provided in parentheses, above parentheses, where
available is the number of individuals with CO or PH scored as present.
SITE
Grasshopper
Pueblo

Canyon De
Chelly
(Puebloans)
Chaco
Canyon
(Unspecified
Sites)
Pueblo
Bonito
Inscription
House
Navajo
Reservoir
Gran Quivira
Arroyo
Hondo
Carter Ranch
Black Mesa

DATES
(A.D.)
12751450

7001300
9001100
4001100
1300historic
13001600
11001225
7001100

CO
JUVENILES
271
(42.1%)

PH
JUVENILES
333
(50.5%)

BOTH
JUVENILES
(50.2%)
(15%)

N
JUVENILES
257
367

CO
ADULTS

8
(53.3%)

6
(40%)

1
(6.6%)

15

18
(64.2%)

3
(10.7%)

7
(25.0%)

28

6
(60%)

1
(10%)

3
(30%)
(68%)

10
31

7
(53.8%)

3
(23.1%)

3
(23.1%)

13

45%

20

0
(0%)
0
(0%)
1
(8.3%)
(22%)

7

3
(42.9%)
6
(85.7%)
5
(41.7%)

4
(80%)

4
(57.1%)
1
(14.3%)
6
(50%)

2
(40%)

12251450

31
(35.5%)

42
(31%)

Turkey Creek

12251286
PIV?

22
(27.3%)

52
(44.6%)

Kechipawan

12

16
(100%)
2
(40%)
3
(20%)

BOTH
ADULTS

N
ADULTS

0
(0%)
0
(0%)
8
(53/3%)

16

3
(30%)

10

5
15

54
5

(85%)

Point of
Pines

7

0
(0%)
3
(60%)
4
(26.7%)

PH
ADULTS

55

REFERENCE
Hinkes (1983)
(juveniles);
Stodder and
Martin (1992);
East (2008)
El-Najjar et al.
(1976)
El-Najjar et al.
(1976); Akins
(1986)
Stodder and
Martin (1992)
El-Najjar et al.
(1976)
El-Najjar et al.
(1976)
El-Najjar et al.
(1976)
Palkovich
(1987)
Danforth et al.
(1994)
Stodder and
Martin (1992);
Martin et al.
(1991)
East (2008)
East (2008)

57.4%
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(Mirazón Lahr
and Bowman
1992)

SITE
Mesa Verde
Region
Hawikku

DATES
(A.D.)
7001300

CO
JUVENILES

PH
JUVENILES

San Cristobal
Pecos Pueblo

(8.26%)

(2.75%)

BOTH
JUVENILES
(79%)

N
JUVENILES
80

20
(50%)
28
(42%)
16/126
(13%)

40

Stodder and
Martin (1992)
Stodder (1994)

66

Stodder (1994)

218
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CO
ADULTS

(1.43%)

PH
ADULTS

(1.32%)

BOTH
ADULTS

N
ADULTS

909

REFERENCE

Morgan (2010)

Table A2.5. Frequencies of skeletal infection, non-specific and specific pooled; bolded italics refer to different frequencies
reported by a separate author.
SITE

JUVENILES
AND ADULTS
12%

N JUVENILES
AND ADULTS
442

REFERENCE

700-1300

17%

135

Salmon Ruin

900-1100

6%

97

Navajo
Reservoir
Arroyo Hondo

400-1100

2%

82

1300-1600

13%

101

Black Mesa

700-1100

23%

173

Point of Pines

1000-1450

13%

117

85

36%

143

Akins (1986); Stodder
and Martin (1992)
Berry (1984); Stodder
and Martin (1992)
Berry (1984); Stodder
and Martin (1992)
Stodder and Martin
(1992)
Martin et al. (1991);
Stodder and Martin
(1992)
Stodder and Martin
(1992)
Stodder (1994)

143

23%

210

Stodder (1994)

909

2%
31.8%
3%
14%

115
1,127
64
86

Stodder and Martin
(1992); Morgan (2010)
Ferguson (1980)
Stodder and Martin
(1992)

Grasshopper
Pueblo
Chaco Canyon

DATES
(A.D.)
1275-1450

Hawikku
San Cristobal
Pecos Pueblo

1550-1600

Tijeras Pueblo
Pindi Pueblo

1300-1600
900-1100;
1300-1600

JUVENILES

29
(51%)
15
(22%)
(10.09%)

N
JUVENILES

57
67
218

ADULTS

22
(26%)
32
(23%)
(35.97%)

N
ADULTS
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Berry (1984)

Table A2.6. Frequencies of LEH/EH, in the American Southwest.
SITE

JUVENILES

Grasshopper
Pueblo

28 (11.3%)
63.9%

N
(JUVENILES)
248
352

Chaco Canyon
(Pueblo Bonito)
Gallina (LlavesAlkali)
Carter Ranch

(94%)

Black Mesa
Point of Pines
Turkey Creek
Yellow Jacket

(23%)
(15.4%)
(18.9%)

Hawikku

6
(30%)
1
(3%)
(20.18%)

San Cristobal
Pecos Pueblo

ADULTS

21
(100%)

N
(ADULTS)

13
(46%)
26

REFERENCE

28

Ham (2018)

21

Hinkes (1983) (juveniles);
East (2008) (juveniles)

Danforth et al. (1994)

20
33
(23.54%)

N (JUVENILES
AND ADULTS)

Denton (2013)

26
37

218

JUVENILES AND
ADULTS

909

195

Stodder and Martin (1992)
East (2008)
East (2008)
Malville (1994)

42
(97.7%)

43

62
(60%)
(22.8%)

104

Stodder (1994); Ham (2018)

1,127

Morgan (2010)

Stodder (1994)

A2.2. Survival Analysis, Other Stress Analyses

A2.1.1. Periostosis- Survival Analysis
Periosteal reactions (also referred to as periostosis) are regarded as non-specific
indicators of stress; this inflammatory response of the periosteum can result from trauma
or bacterial infection (Larsen 2015). Periosteal reactions are often indicated by abnormal
bone deposits and woven bone (Ortner 2003; Ubelaker and Pap 2009). While they can
occur anywhere on the skeleton, they are most common on the long bones (Weston
2012). If the inflammatory response is due to trauma, the reaction can be localized
(Weston 2012). Osteomyelitis is characterized by “exuberant proliferation of both
endosteal and periosteal bone surfaces” (Larsen 2015:83). Osteomyelitis results from
infection of bone and bone marrow, either through the bloodstream; introduction of
pyogenic (pus-related) bacteria; viruses, fungi and parasites introduced through trauma;
or adjacent soft tissue infections (Ortner 2003:2; Waldron 2009).

A2.1.2. Periostosis- Tibiae
This analysis includes 226 individuals who were scored for periosteal reactive
bone on the tibia. There are no significant differences between sites or age classes for
presence/absence of tibial periostosis.
Survival analysis results for the entire sample demonstrate that individuals with active
tibial lesions exit earlier (restricted mean age 8.9 years, Figure A2.1, Table A2.7)
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and have a higher probability of mortality than individuals with healed or absent lesions,
a statistically significant result (χ2=22.5, p=0.000). This result is also significant for a
restricted sample with only individuals under 19 years of age included in the analysis
(χ2=23.0, p=0.000). For individuals over 19 there is no significant difference in survival
time between individuals with healed, absent or active lesions. This is probably due to the
issue of sample size: only five individuals over 19 years old have active lesions.
Table A2.8 shows the median survival time, or the time by which fifty percent of
the subjects with absent, healed and active tibial periosteal lesions had died. In this case,
fifty percent of individuals without lesions had died by age 19 and fifty percent of
individuals with active lesions had died by age 2.5. Fifty percent of individuals with
healed tibial periosteal lesions had died by age 20.5. This indicates that individuals with
healed lesions have better chances of survival than those with active or those without
lesions.
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Figure A2.1. Kaplan-Meier survival analysis for individuals with tibial periostosis, entire
sample.
Table A2.7. Restricted mean survival time for the entire sample.
Tibial Periosteal
Lesion Status,
entire sample
Absent
Healed
Active
Total

Number of
Subjects
160
36
30
226

Restricted
Mean
23.2
27.0
8.9
21.9

Std.
Error
1.7
3.4
2.6
1.4

95% conf.
Interval
19.9
20.3
3.9
19.2

26.4
33.7
14.0
24.6

χ2

pvalue

22.5 0.000

Table A2.8. Median survival time for individuals with active, healed or absent tibial
periosteal lesions.
Tibial Periosteal Lesion
Status, entire sample
Absent
Healed
Active
Total

Number of
Subjects
160
36
30
226

Restricted
Mean
19
20.5
2.5
17.5
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Std.
Error
1.8
6.9
1.4
2.19

95% conf.
Interval
14
22
12.5
33
0.95
5.5
12.5
21.45

Figure A2.2. Kaplan-Meier survival analysis for individuals under 19 years old with
tibial periostosis.
Table A2.9. Restricted- Mean survival time for individuals under 19 years old with tibial
periostosis.
Tibial Periosteal
Lesion Status,
Under 19 years
old
Absent
Healed
Active
Total

Number
of
Subjects

Restricted
Mean

Std.
Error

79
16
25
120

7.0
9.1
2.9
6.5

0.63
1.5
0.51
0.50

95% conf.
Interval
5.8
6.2
1.9
5.5

χ2

pvalue

8.3 23.28 0.000
11.9
3.95
7.4

Table A2.10. Median survival time for individuals under 19 years old with tibial
periostosis.
Tibial Periosteal
Lesion Status,
Under 19 years old
Absent
Healed
Active
Total

Number of
Subjects
79
16
25
120

Median
Survival Time
5.5
6.3
1.5
4.5
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Std.
Error
0.89
1
0.66
0.57

95% conf.
Interval
3.95
4
0.95
3.75

7.5
12.5
3.75
6

Figure A2.3. Kaplan-Meier survival analysis for individuals over 19 years old with tibial
periostosis.
Table A2.11. Restricted mean survival time for individuals over 19 years old with tibial
periostosis.
Tibial Periosteal
Lesion Status,
Over 19 years
old
Absent
Healed
Active
Total

Number
of
Subjects

Restricted
Mean

Std.
Error

81
20
5
106

38.8
41.3
38.9
39.3

2.0
3.7
4.3
1.7

95% conf.
Interval
34.95
34.1
30.4
36.0

χ2

pvalue

42.8 0.05 0.977
48.6
47.5
42.7

Table A2.12. Median survival time for individuals over 19 years old with tibial
periostosis.
Tibial Periosteal
Lesion Status,
Over 19 years old
Absent
Healed
Active
Total

Number of
Subjects
81
20
5
106

Median
Survival Time
33.1
36
35.3
33.8
200

Std.
Error
0.9
4.0
2.6
0.88

95% conf.
Interval
31.3
29.8
27
32.5

35.1
46.7
.
35.3

A2.1.3. Periosteal Lesions Elsewhere on the Skeleton
Survival analysis indicates that people with active periosteal lesions on their
skeleton (anywhere besides on the tibia) (χ2=20.5, p=0.000, Figure A2.4, Table A2.13)
exit earlier (restricted mean 11.7 years) than people with either healed or absent lesions.
This result holds for individuals under 19 years old (χ2=11.6, p=0.003, Figure A2.5,
Tables A2.15 and A2.16). When the sample is restricted to individuals over 19 years old
there is no significant difference in mortality risk (χ2=0.09, p=0.96).
Table A2.14 shows the median survival time for subjects with absent, healed and
active periosteal lesions anywhere on the skeleton. In this case, fifty percent of
individuals with absent lesions had died by age 18.8 and fifty percent of individuals with
active lesions had died by age 2.5. Fifty percent of individuals with healed periosteal
lesions anywhere on the skeleton had died by age 33. This indicates that individuals with
healed lesions have better chances of survival than those with active or those without
lesions. In adults over 19 (Figure, A2.6, Tables A2.17 and A2.18), there is no significant
difference in mortality risk for individuals with active, no or healed lesions. This could be
due to the fact that not all periosteal reactive bone is equivalent, so pooling lesion status
masks patterns that are seen when lesions are divided out by class (e.g. CO, PH, tibial
periostosis, infection). Another possibility is that there is such a small sample of adults
with active lesions (n=9), that they are not representative.
The results for tibial periostosis are in keeping with other results from Chapter 3.
Individuals with active lesions exit earlier than individuals with healed or no lesions. In
contrast, results for periosteal reactive bone elsewhere on the skeleton are different, but
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that may be because not all periosteal reaction is due to stress. Additionally, the small
sample of adults (n=9) with active lesions may skew the results seen here.
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Figure A2.4. Kaplan-Meier survival analysis for individuals with periosteal lesions
anywhere on the skeleton other than the tibia.
Table A2.13. Restricted mean survival time for individuals with periosteal reactions
anywhere on the skeleton other than the tibia.
Periosteal Lesion
Status (not on
tibia), entire sample
Absent
Healed
Active
Total

Number of
Subjects
234
22
40
296

Restricted
Mean
23.7
36.4
11.7
22.9

Std.
Error
1.4
4.5
2.7
1.3

95% conf.
Interval
20.9
27.6
6.3
20.5

26.4
45.2
17.1
25.5

χ2

pvalue

20.5 0.000

Table A2.14. Median survival time for individuals with periosteal lesions anywhere on
the skeleton other than the tibia
Periosteal Lesion Status
(not on tibia), entire
sample
Absent
Healed
Active
Total

Number of
Subjects

Median
Survival Time

234
22
40
296

18.8
33
2.5
18.1
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Std.
Error
1.3
3.0
1.0
1.6

95% conf.
Interval
14
22
1.5
13.5

21.5
42.8
5.8
21.5

Figure A2.5. Kaplan-Meier survival analysis for individuals under 19 years old with
periosteal lesions anywhere on the skeleton other than the tibia.
Table A2.15. Restricted mean age at death for individuals under 19 years old with
periosteal lesions anywhere on the skeleton other than the tibia.
Periosteal Lesion
Status (not on tibia),
under 19 years old
Absent
Healed
Active
Total

Number of
Subjects
117
4
31
152

Restricted
Mean
6.8
6.9
3.6
6.2

Std.
Error
0.51
1.9
0.75
0.4

95% conf.
Interval
5.8
3.2
2.2
5.3

7.8
10.7
5.1
7.0

χ2

pvalue

11.6 0.003

Table A2.16. Median age at death for individuals under 19 years old with periosteal
lesions anywhere on the skeleton other than the tibia.
Periosteal Lesion Status (not Number of
on tibia), under 19 years old Subjects
Absent
Healed
Active
Total

117
4
31
152

204

Median
Survival
Time
5.5
5.25
2
4

Std.
Error
0.6
3
0.5
0.47

95% conf.
Interval
3.95
2
0.95
3.95

6.5
.
3.5
5.5

Figure A2.6. Kaplan-Meier survival analysis for individuals over 19 years old with
periosteal lesions anywhere on the skeleton other than the tibia.
Table A2.17. Restricted mean age at death for individuals over 19 years old with
periosteal lesions anywhere on the skeleton other than the tibia.
Periosteal Lesion
Status (not on
tibia), 19 years or
older
Absent
Healed
Active
Total

Number of
Subjects
117
18
9
144

Restricted
Mean
40.65
42.9
39.3
40.7

Std.
Error
1.7
4.1
5.7
1.5

95% conf.
Interval
37.2
34.9
28.2
37.8

43.8
51.0
50.4
43.7

χ2

pvalue

0.09 0.96

Table A2.18. Median age at death for individuals over 19 years old with periosteal
lesions anywhere on the skeleton other than the tibia.
Periosteal Lesion Status
(not on tibia), over 19 years
old
Absent
Healed
Active
Total

Number of
Subjects
117
18
9
144
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Median
Survival
Time
33.8
35
36.4
35

Std.
Error
0.85
2.9
1.9
0.78

95% conf.
Interval
32.5
29.8
20.9
32.9

35.8
46.7
58.2
36.4

A2.3. Results of Fisher’s Exact Tests- Phenetically-Inferred Migrant Health
compared to Host-Group (i.e. the site where they are buried)

Fisher’s exact tests for indicators of skeletal and dental stress in pheneticallyinferred migrants compared to individuals identified as non-migrants/hosts at the sites
where the migrants were buried (Tables A2.19 through A2.26) are presented here. These
were done for all sites with possible phenetically-inferred migrants. Fisher’s exact tests
were used for these analyses due to small sample sizes. These tests show, for the most
part, no significant differences between individuals identified as phenetically-inferred
migrants and the hosts at the sites where they are buried.
Phenetically-inferred migrants in the Northern Rio Grande region are more likely
to have infection than non-migrants/hosts in this region (Table 4.7). In the case of the
NRG, Fisher’s exact, Fisher’s one sided and OR show significant differences.
Phenetically-inferred migrants are 3.9 times more likely (p=0.05) to have skeletal
evidence for infection than non-migrants or host-group buried there. The sites in this
area were densely populated, larger sites. Today, migrants often experience poor living
conditions, cramped quarters and resource access restrictions. It is possible that in the
NRG people from elsewhere experienced the same conditions we see today, which could
cause an increase in infection.
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Table A2.19. Fisher’s exact test results for phenetically-inferred migrants buried at
Gallina sites as compared to the host-group.
Gallina NonMigrant
(Count)

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
4
23
2.2/0.14
0
11
4
34
Cribra orbitalia
18
4
22
1.3/0.26
6
0
6
24
4
28
Infection
33
3
36
1.8/0.2
6
2
8
39
5
44
Linear Enamel Hypoplasia
12
2
14
0.23/0.63
20
2
22
32
4
36
Trauma Indicative of Interpersonal Violence
28
5
33
1.4/0.24
8
0
8
36
5
41

Fisher’s
Exact/
One-Sided
Fisher’s
Exact

absent 19
present 11
total 30

0.28/0.19

absent
present
total

0.55/0.36

absent
present
total
absent
present
total
absent
present
total
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0.22/0.22

0.63/0.51

0.56/0.32

Table A2.20. Fisher’s exact test results for phenetically-inferred migrants buried at
Chamisal as compared to the host-group.
Chamisal NonMigrant
(Count)

Phenetic
Migrant
(Count)

Total

Porotic hyperostosis
1
13
0.80/0.37
0
10
1
23
Cribra orbitalia
13
0
13
6
0
6
19
0
19
Infection
14
2
16
0.69/0.41
5
0
5
19
2
21
Linear Enamel Hypoplasia
10
0
10
2.8/0.09
6
2
8
16
2
18
Trauma Indicative of Interpersonal Violence
22
1
23
0
0
0
22
1
23

absent 12
present 10
total 22
absent
present
total
absent
present
total
absent
present
total
absent
present
total

Χ2 /
Χ2 pvalue
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Fisher’s
Exact/
OneSided
Fisher’s
Exact
1.0/0.57

1.0/0.57

0.18/0.18

Table A2.21. Fisher’s exact test results for phenetically-inferred migrants buried at
Sapawe as compared to the host-group.
Sapawe NonMigrant
(Count)

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
4
9
4.6/0.03
0
8
4
17
Cribra orbitalia
5
3
8
2.4/0.12
5
0
5
10
3
13
Infection
4
1
5
0.44/0.51
5
3
8
9
4
13
Linear Enamel Hypoplasia
5
1
6
0.44/0.51
4
2
6
9
3
12
Trauma Indicative of Interpersonal Violence
10
4
14
0.76/0.38
2
0
2
12
4
16

Fisher’s
Exact/
One-Sided
Fisher’s
Exact

absent 5
present 8
total 13

0.08/0.05

absent
present
total

0.23/0.19

absent
present
total
absent
present
total
absent
present
total
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1.0/0.49

1.0/0.50

1.0/0.56

Table A2.22. Fisher’s exact test results for phenetically-inferred migrants buried at
Kuaua as compared to the host-group.
Kuaua NonMigrant
(Count)

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
1
24
0.85/0.36
2
17
3
41
Cribra orbitalia
13
1
14
0.00/1.0
13
1
14
26
2
28
Infection
42
4
46
1.03/0.31
11
0
11
53
4
57
Linear Enamel Hypoplasia
19
1
20
1.0/0.32
18
3
21
37
4
41
Trauma Indicative of Interpersonal Violence
53
4
57
0.08/0.78
1
0
1
54
4
58

Fisher’s
Exact/
One-Sided
Fisher’s
Exact

absent 23
present 15
total 38

0.56/0.37

absent
present
total

1.0/0.76

absent
present
total
absent
present
total
absent
present
total
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0.58/0.41

0.61/0.32

1.0/0.93

Table A2.23. Fisher’s exact test results for phenetically-inferred migrants buried at
Pottery Mound as compared to the host-group.
Pottery NonMound Migrant
(Count)

absent
present
total
absent
present
total
absent
present
total

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
16
0.08/0.78
11
27
Cribra orbitalia
16
1
17
0.37/0.54
6
0
6
22
1
23
Infection
22
2
24
0.77/0.38
4
0
4
26
2
28
Linear Enamel Hypoplasia
6
0
6
0.36/0.55
15
2
17
21
2
23
Trauma Indicative of Interpersonal Violence
19
1
20
0.05/0.82
1
0
1
20
1
21

absent 15
present 10
total 25
absent
present
total

Phenetic
Migrant
(Count)

1
1
2
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Fisher’s
Exact/
One-Sided
Fisher’s
Exact
1.0/0.66

1.0/0.74

1.0/0.54

1.0/0.73

1.0/0.9

Table A2.24. Fisher’s exact test results for phenetically-inferred migrants buried at
Tijeras as compared to the host-group.
Tijeras NonMigrant
(Count)

absent 18
present 3
total 21
absent 16
present 3
total 19
absent 17
present 5
total 22
absent 12
present 9
total 21
absent 21
present 1
total 22

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
19
0.17/0.68
3
22
Cribra orbitalia
1
17
0.18/0.67
0
3
1
20
Infection
1
18
0.29/0.59
0
5
1
23
Linear Enamel Hypoplasia
1
13
0.73/0.39
0
9
1
22
Trauma Indicative of Interpersonal Violence
1
22
0.05/0.83
0
1
1
23
1
0
1

212

Fisher’s
Exact/
One-Sided
Fisher’s
Exact
1.0/0.9

1.0/0.85

1.0/0.8

1.0/0.59

1.0/0.9

Table A2.25. Fisher’s exact test results for phenetically-inferred migrants buried at
Yunque as compared to the host-group.
Yunque NonMigrant
(Count)

absent 3
present 1
total 4
absent 3
present 2
total 5
absent 6
present 2
total 8
absent 3
present 5
total 8
absent 9
present 0
total 9

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
0
3
1.9/0.2
1
2
1
5
Cribra orbitalia
0
3
1.0/0.27
1
3
1
6
Infection
1
7
0.48/0.49
1
3
2
10
Linear enamel hypoplasia
1
4
0.10/0.75
1
6
2
10
Trauma Indicative of Interpersonal Violence
2
11
0
0
2
11
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Fisher’s
Exact/
OneSided
Fisher’s
Exact
0.4/0.4

1.0/0.5

1.0/0.53

1.0/0.67

Table A2.26. Fisher’s exact test results for phenetically-inferred migrants buried at
Puaray as compared to the host-group.
Puaray NonMigrant
(Count)

absent 5
present 10
total 15
absent 5
present 6
total 11
absent 13
present 7
total 20
absent 7
present 0
total 7
absent 19
present 0
total 19

Phenetic
Migrant
(Count)

Total

Χ2 /
Χ2 p-value

Porotic hyperostosis
5
0.48/0.49
11
16
Cribra orbitalia
0
5
0
6
0
11
Infection
0
13
01.7/0.19
1
8
1
21
Linear enamel hypoplasia
1
8
0
0
1
8
Trauma Indicative of Interpersonal Violence
1
20
0
0
1
20
0
1
1

214

Fisher’s
Exact/ OneSided
Fisher’s
Exact
1.0/0.69

0.4/0.4

A2.4. Results of Odds-Ratios, Hazards Analysis Examining Host-group and nonmigrant Health

These analyses were done to examine whether non-migrants (people buried in
the Gallina district, for example) or host-group (people buried in a place where
phenetically-inferred migrants are buried, but appear to be local to the area) have worse
health, higher frailty, and greater evidence for violence than individuals in the entire
sample. These analyses exclude the individuals identified as phenetically-inferred
migrants. For results that are significant, Fisher’s exact tests were done to control for
small sample sizes (Tables A2.27 through A2.36 show odds-ratios and Fisher’s exact
test results). Blanks in the table indicate no difference between the individuals buried in
a place and the overarching sample.
Individuals buried at Gallina sites and Gallinas Springs (Rio Abajo District)
have higher odds of having trauma indicative of interpersonal violence (cranial
depression fractures, fractured nasal bones). This result is supported by Fisher’s exact
tests and chi-squared tests (Tables A2.27 and A2.28). Individuals buried at Sapawe have
greater odds (Tables A2.29 and A2.30; OR= 4.7, p= 0.02) for infection than individuals
buried elsewhere.
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Table A2.27. Odds-ratios for trauma prevalence in non-migrants and host-group buried
at specific sites as compared to the entire sample.
Site: Trauma indicative of OR Robust
interpersonal violence
Standard
Error
.
Chaco small sites .
La Plata Highway Sites 2.9 1.9
Gallina 5.7 2.9
.
Chamisal .
Sapawe 2.8 2.3
Gallinas Springs 9.1 7.1
Kuaua 0.2 0.2
Pottery Mound 0.7 0.7
.
Mogollon .
Tijeras 0.6 0.6
.
Yunque .
.
.
Puaray

95% Confidence
Interval

pvalue

n

.
0.76
2.1
.
0.5
1.9
0.03
0.08
.
0.1
.
.

.
0.12
0.001
.
0.21
0.004
0.13
0.70
.
0.63
.
.

266

.
11.1
15.4
.
13.9
41.7
1.6
5.3
.
4.7
.
.

Table A2.28. Fisher’s exact test results for trauma prevalence in non-migrants/hostgroup buried at specific sites as compared to the entire sample.
Trauma Count of
indicative of individuals
interpersonal not from site
violence
absent 219
present 11
total 230
absent 242
present 16
total 258

Count of
individuals
from site

Total Χ2/
Χ2 pvalue

Gallina
28
247
8
19
36
266
Gallinas Springs
5
247
3
19
8
266
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Fisher’s
Exact/ OneSided Fisher’s
Exact

14/3/0.00 0.001/0.001

11.5/0.00 0.01/0.01

Table A2.29. Odds-ratios for infection prevalence in non-migrants/host-group buried at
specific sites as compared to the entire sample.
Site: OR Robust
Infection
Standard
Error
Chaco 1.1 0.5
small
sites
La Plata 0.4 0.3
Highway
Sites
Gallina 0.6 0.3
Chamisal 1.3 0.7
Sapawe 4.7 3.3
Gallinas 2.9 2.0
Springs
Kuaua 0.9 0.3
Pottery 0.6 0.3
Mound
Mogollon 0.4 0.3
Tijeras 1.0 0.5
Yunque 1.2 0.9
Puaray 2.0 1.0

95%
Confidence
Interval
0.41 2.8

pn
value

0.09 1.9

0.26

0.24
0.44
1.2
0.77

0.28
0.64
0.02
0.11

1.5
3.7
18.3
11.5

0.89

0.44 1.9
0.2 1.9

0.81
0.39

0.1
0.4
0.2
0.7

0.26
0.93
0.84
0.15

1.9
2.9
6.1
5.4

267

Table A2.30. Fisher’s exact test results for infection prevalence in non-migrants/hostgroup buried at specific sites as compared to the entire sample.
Infection Count of
individuals not
from site
absent 204
present 54
total 258

Count of
individuals
from site
Sapawe
4
5
9
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Total Χ2/
Χ2 pvalue
208
59
267

6.1/0.01

Fisher’s Exact/
One-Sided
Fisher’s Exact
0.03/0.03

Table A2.31. Odds-ratios for porotic hyperostosis prevalence in non-migrants/host-group
buried at specific sites as compared to the entire sample.
Site: Porotic OR
Hyperostosis
Chaco small
sites
La Plata
Highway
Sites
Gallina
Chamisal
Sapawe
Gallinas
Springs
Kuaua
Pottery
Mound
Mogollon
Tijeras
Yunque
Puaray

1.7

Robust
95%
Standard
Confidence
Error
Interval
0.8
0.7 4.2

pn
value
0.28

1.04 0.5

0.4 2.8

0.92

0.7
1.1
2.2
4.8

0.3
0.5
1.3
3.9

0.3
0.5
0.7
0.9

0.43
0.84
0.19
0.05

0.8
0.8

0.3
0.3

0.4 1.7
0.3 1.8

0.59
0.59

1.1
0.2
0.4
2.8

0.5
0.1
0.5
1.6

0.4
0.1
0.0
0.9

0.89
0.01
0.46
0.07

1.6
2.7
6.9
23.8

2.7
0.7
4.2
8.4

235

Table A2.32. Fisher’s exact test results for porotic hyperostosis prevalence in nonmigrants/host-group buried at specific sites as compared to the entire sample.
Porotic Count of
Count of
Hyperostosis individuals not individuals
from site
from site

absent 131
present 95
total 226
absent 115
present 99
total 214
absent 128
present 92
total 220

Gallinas Springs
2
7
9
Tijeras
18
3
21
Puaray
5
10
15

218

Total

Χ2 /
Χ2 pvalue

Fisher’s
Exact/
One-Sided
Fisher’s
Exact

133
102
235

4.5/0.03

0.04/0.04

133
102
235
133
102
235

7.9/0.01

0.01/0.003

3.5/0.06 0.10/0.05

Table A2.33. Odds-ratios for cribra orbitalia prevalence in non-migrants/host-group
buried at specific sites as compared to the entire sample.
Site:
Cribra
Orbitalia
Chaco
small
sites
La Plata
Highway
Sites
Gallina
Chamisal
Sapawe
Gallinas
Springs
Kuaua
Pottery
Mound
Mogollon
Tijeras
Yunque
Puaray

OR Robust
95%
Standard
Confidence
Error
Interval
1.9 1.0
0.6 5.4

pn
value

0.8

0.5

0.2 2.6

0.69

0.6
0.9
2.1
1.6

0.3
0.5
1.4
1.1

0.2
0.3
0.5
0.4

1.7
2.6
7.5
6.4

0.36
0.86
0.26
0.47

2.3
0.9

0.9
0.4

0.9 5.3
0.3 2.2

0.06
0.75

.
0.3
1.3
2.6

.
0.2
1.2
1.6

.
0.1
0.2
0.7

.
0.10
0.75
0.14

.
1.2
8.3
8.7

0.26

187

Table A2.34. Fisher’s exact test results for cribra orbitalia prevalence in nonmigrants/host-group buried at specific sites as compared to the entire sample.
Cribra Count of
Count of
Total Χ2/
Orbitalia individuals individuals
Χ2 pnot from
from site
value
site

absent 112
present 49
total 161

13
13
26

Kuaua

125
62
187

219

Fisher’s
Exact/
OneSided
Fisher’s
Exact

3.9/0.05 0.07/0.04

Table A2.35. Odds-ratios for linear enamel hypoplasia prevalence in non-migrants/hostgroup buried at specific sites as compared to the entire sample.
Site:
Linear
Enamel
Hypoplasia
Chaco
small sites
La Plata
Highway
Sites
Gallina
Chamisal
Sapawe
Gallinas
Springs
Kuaua
Pottery
Mound
Mogollon
Tijeras
Yunque
Puaray

OR Robust
Standard
Error

95%
Confidence
Interval

pn
value

0.7

0.3

0.3 1.8

0.46

3.2

2.2

0.8 12.0

0.09

1.8
0.6
0.8
0.7

0.7
0.3
0.5
0.6

0.8
0.2
0.2
0.2

3.9
1.6
3.0
3.4

0.14
0.29
0.72
0.69

0.9
2.7

0.3
1.4

0.5 1.9
0.9 7.2

0.83
0.05

0.7
0.7
1.7
.

0.3
0.3
1.2
.

0.3
0.3
0.4
.

0.39
0.48
0.49
.

1.6
1.8
7.2
.
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Table A2.36. Fisher’s exact test results for linear enamel hypoplasia prevalence in nonmigrants/host-group buried at specific sites as compared to the entire sample.
Linear Count of
Count of
Total Χ2/
Enamel individuals individuals
Χ2 pHypoplasia not from
from site
value
site

absent 103
present 99
total 202
absent 100
present 94
total 194

Fisher’s
Exact/
OneSided
Fisher’s
Exact

La Plata Highway Sites
3
106
3.8/0.05 0.08/0.05
10
109
13
215
Pottery Mound
6
106
4.0/0.05 0.07/0.04
15
109
21
215
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A2.5. Cox-Proportional Hazards

In addition to Kaplan-Meier hazards analysis (results presented in Chapter 4);
Cox proportional hazards models were run. This regression model is used to examine
associations between survival time (or in this case, death) and predictor variables (one or
more). Kaplan-Meier is a log-rank test: it can only consider one variable’s impact on
survival time; Cox can be used for categorical and quantitative variables and examines
the impacts of multiple factors on survival time. In the case of phenetically-inferred
migrants, this is useful because this variable can be controlled for along with health
variables such as infection and lesion status. Interpretation of Cox-proportional hazards
can be interpreted much like odds-ratios: Hazard ratio (HR) =1: no impact, HR < 1:
hazards are reduced; HR >1: increase in hazards.
Cox-proportional hazards for a model of the impacts of migrant status on age at
death provide the same results as the Kaplan-Meier tests. Migrants have lower hazard of
mortality (Table A2.37) when compared to the rest of the sample. The results also show
that lesion status impacts hazard of death. When controlling for CO and PH lesion status
and migrant status, the results (Tables A2.38 through A2.41) show that individuals with
CO and/or PH have a higher hazard of mortality than individuals without, but migrant
status does not impact hazard of death.
The results of hazards analysis on migrant status and infection presence/absence
(Table A2.42) show that migrants have a lower hazard of death when controlling for
infection. When infection is taken off the table as an explanation for migrant hazard of
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death, we see that migrants have lower hazards. This regression shows that there is no
difference between migrants and non-migrants in infection prevalence and that migrants
(for some other reason) have lower hazards of death. When controlling for LEH no
significant results are found (Table A2.43).
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Table A2.37. Migrant status and mortality hazard.
Transition (age Hazard
at death) Ratio
Migrant Status 0.69

Std.
error
0.12

95% Confidence
Interval
0.5
0.9

pvalue

χ2

p-value
(χ2)

0.04

4.7 0.03
n=333

Table A2.38. Migrant status, controlling for CO lesion status.
Transition (age
at death)
Migrant Status
CO lesion status

Hazard
Ratio
0.8
2.1

Std.
error
0.19
0.22

95% Confidence
Interval
0.5
1.3
1.7
2.6

pvalue
0.36
0.00

χ2

p-value
(χ2)
42.5 0.00
n=205

Table A2.39. Migrant status, controlling for CO presence/absence.
Transition (age
at death)
Migrant Status
CO presence/
absence

Hazard
Ratio
0.8
1.9

Std.
error
0.18
0.28

95% Confidence
Interval
0.5
1.3
1.4
2.5

pvalue
0.35
0.00

χ2

p-value
(χ2)
17.0 0.00
n=206

Table A2.40. Migrant status, controlling for PH lesion status.
Transition (age
at death)
Migrant Status
PH lesion status

Hazard
Ratio
0.73
1.6

Std.
error
0.14
0.16

95% Confidence
Interval
0.5
1.1
1.3
1.9

pvalue
0.11
0.00

χ2

p-value
(χ2)
20.4 0.00
n=262

Table A2.41. Migrant status, controlling for PH presence/absence.
Transition (age
at death)
Migrant Status
PH

Hazard
Ratio
0.7
1.0

Std.
error
0.14
0.13

95% Confidence
Interval
0.5
1.1
0.8
1.3
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pvalue
0.11
0.77

χ2

p-value
(χ2)
2.8 0.25
n=263

Table A2.42. Migrant status, when controlling for infection presence/absence.
Transition (age at Hazard
death) Ratio

Std.
error

Migrant Status 0.6

0.14

95%
Confidence
Interval
0.40
0.98

Infection 1.1
Migrant status * 1.2
infection (interaction
term)

0.15
0.48

0.84
0.51

1.4
2.6

pvalue

χ2

p-value
(χ2)

0.04

6.8 0.07

0.61
0.73
n=296

Table A2.43. Migrant status, when controlling for LEH presence/absence.
Transition (age Hazard
at death) Ratio

Std.
error

95% Confidence
Interval

pvalue

χ2

Migrant Status 0.7
LEH 1.0

0.14
0.13

0.49
0.77

0.10
0.98

2.9 0.24

1.1
1.3

p-value
(χ2)

n=246

A2.6. Kaplan-Meier Survival Analysis: Migrant status and lesion status

This section focuses on individuals identified as phenetically-inferred migrants
and lesion status. There is a relatively small sample size for individuals with active and
healed lesions; the largest number of individuals have no lesions. The graph and p-values
(Figure A2.7, Table A2.44) for the restricted mean age at death indicate that pheneticallyinferred migrants with no lesions die later than non-migrants with no lesions. However,
due to the small sample size, the median age at death is a better representation of the
underlying data (Table A2.45). The indication of these analyses is that pheneticallyinferred migrants with no lesions have lower mortality risk. However, due to a relatively
small sample size, this result should be interpreted with some circumspection.
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Figure A2.7. Kaplan-Meier Survival Analysis for individuals identified as pheneticallyinferred migrants and host-group, no lesions present anywhere on the skeleton.
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Table A2.44. Migrant Status, restricted mean age at death, individuals with no lesions.
Migrant Status,
individuals with no
lesions
Non-migrant/ Hostgroup
Pheneticallyinferred migrant
Total

Number of
Subjects

Restricted
Mean

Std.
Error

95% conf.
Interval

119

24.9

1.9

21.3

28.7

14

40.9

6.8

27.6

54.4

133

26.7

1.9

22.9

30.4

χ2

pvalue

4.9 0.03

Table A2.45. Migrant status, survival time of the fiftieth percentile, individuals with no
lesions.
Migrant Status,
individuals with no
lesions

Number of
Subjects

Non-migrant/ Host-group 119
Phenetically-inferred 14
migrant
Total 133

Median
Survival Time

Std.
Error

95% conf.
Interval

21.5

2.1

17

26.7

29

6.3

21.5

74

22

2.6

18

27.1
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A2.7. Examination of the Health of Juvenile Migrants compared to other juveniles

The following section provides analyses done to examine stress indicators and
lesion status in juvenile individuals identified as phenetically-inferred migrants in
comparison to juveniles not identified as phenetically-inferred migrants. The count of
juveniles identified as phenetically-inferred migrants by region is provided in Table
A2.46. Figure A2.8 as well as the mean and median ages of death (Tables A2.47 and
A2.48) show that there is no difference between juveniles identified as pheneticallyinferred migrants and juveniles identified as host-non-migrant in the sample. However,
due to the extremely small sample sizes, this result should be viewed with
circumspection. With increased sample size, this result could change.
Tables A2.49-A2.54 provide odds-ratio and Fisher’s Exact test results for
comparisons of stress indicators between juvenile phenetically-inferred migrants and
juvenile host-group/non-migrants. These show no significant results. However, the
sample sizes for phenetically-inferred migrants are so small, that these results may be
unreliable.
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Table A2.46. Counts of juveniles identified as host group and juveniles identified as
phenetically-inferred migrants.
Region
Middle Rio Grande
Mogollon
Northern Rio Grande
Rio Abajo
San Juan
Totah
Total

n- Juvenile Host
94
11
23
2
19
12
161

n- Juvenile Phenetic Migrant
1
2
4
1
0
3
11

228

Total
95
13
27
3
19
15
172

Figure A2.8. Kaplan-Meier survival analysis comparing juvenile phenetically-inferred
migrants to non-migrant/host-group.
Table A2.47. Migrant Status, restricted mean age at death, for individuals with no
lesions.
Juvenile Migrant/
Host-Group

Number
of
Subjects
Non-migrant/ 158
Host-group
Juvenile 11
Pheneticallyinferred migrant
Total 169

Restricted
Mean

Std.
Error

95% conf.
Interval

5.7

0.39

4.9 6.5

5.9

0.94

3.9 7.7

5.71

0.37

4.9 6.4

χ2

pvalue

0.00 0.97

Table A2.48. Migrant status, median survival time, for individuals with no lesions.
Juvenile Migrant/HostNumber of
Group
Subjects
Non-migrant/ Host-group 158
Juvenile Phenetically- 11
inferred migrant
Total 169
229

Median
Survival Time
3.95

Std.
Error
0.09

95% conf.
Interval
3.5
4.8

5.5

0.62

2.5

7.5

3.95

0.22

3.5

4.8

Table A2.49. Chi-squared and Fisher’s exact tests comparing stress indicators in juvenile
phenetically-inferred migrants to non-migrants, Middle Rio Grande.
Middle Rio NonGrande migrant
(count)
Absent 40
Present 35
Total 75
Absent 30
Present 28
Total 58
Absent 58
Present 27
Total 85
Absent 29
Present 19
Total 48
Absent 83
Present 0
Total 83

Phenetic
migrant
(count)

Total

χ2/χ2 p-value

Porotic Hyperostosis
41
0.87/0.35
35
76
Cribra Orbitalia
0
30
0
28
0
58
Infection
1
59
0.46/0.49
0
27
1
86
Linear Enamel Hypoplasia
0
29
1.5/0.22
1
20
1
49
Trauma Indicative of Interpersonal Violence
0
83
0
0
0
83
1
0
1
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Fisher’s
Exact/ Onesided Fisher’s
exact
1.0/0.54

1.0/6.9

0.41/0.41

Table A2.50. Chi-squared and Fisher’s exact tests comparing stress indicators in juvenile
phenetically-inferred migrants to non-migrants, Northern Rio Grande.
Northern Rio NonGrande migrant
(count)
Absent 12
Present 7
Total 19
Absent 7
Present 9
Total 16
Absent 18
Present 3
Total 21
Absent 6
Present 5
Total 11
Absent 20
Present 2
Total 22

Phenetic
Total χ2/χ2 pFisher’s Exact/ Onemigrant
value
sided Fisher’s exact
(count)
Porotic Hyperostosis
2
14
0.01/0.91 1.0/0.71
1
8
3
22
Cribra Orbitalia
2
9
0.53/0.47 0.58/0.46
1
10
3
19
Infection
1
19
4.4/0.04
0.09/0.09
2
5
3
24
Linear Enamel Hypoplasia
1
7
0.01/0.91 1.0/0.73
1
6
2
13
Trauma Indicative of Interpersonal Violence
4
24
0.39/0.53 1.0/0.71
0
2
4
26

231

Table A2.51. Chi-squared and Fisher’s exact tests comparing stress indicators in juvenile
phenetically-inferred migrants to non-migrants, Mogollon.
Mogollon Nonmigrant
(count)
Absent 4
Present 4
Total 8
Absent 4
Present 0
Total 4
Absent 5
Present 2
Total 7
Absent 8
Present 2
Total 10
Absent 9
Present 0
Total 9

Phenetic
Total χ2/χ2 pFisher’s Exact/ Onemigrant
value
sided Fisher’s exact
(count)
Porotic Hyperostosis
1
5
0.00/1.0
1.0/0.78
1
5
2
10
Cribra Orbitalia
0
4
0
0
0
4
Infection
2
7
0.73/0.39 1.0/0.58
0
2
2
9
Linear Enamel Hypoplasia
2
10
0.48/0.49 1.0/6.8
0
2
2
12
Trauma Indicative of Interpersonal Violence
2
11
0
0
2
11
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Table A2.52. Chi-squared and Fisher’s exact tests comparing stress indicators in juvenile
phenetically-inferred migrants to non-migrants, Totah.
Totah Nonmigrant
(count)

Phenetic
migrant
(count)

Absent 7
Present 4
Total 11

1
2
3

Absent 6
Present 4
Total 10

1
2
3

Absent 11
Present
Total 11

1

Absent 2
Present 5
Total 7
Absent 9
Present 1
Total 10

Total

Porotic Hyperostosis
8
6
14
Cribra Orbitalia
7
6
13
Infection
12

χ2/χ2 pvalue

Fisher’s
Exact/ Onesided
Fisher’s
exact

0.88/0.34

0.54/0.39

0.66/0.42

0.56/0.44

1
12
Linear Enamel Hypoplasia
1
3
1.9/0.17
0
5
1
8
Trauma Indicative of Interpersonal Violence
2
11
0.2/0.6
0
1
2
12
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0.38/0.38

1.0/0.8

Table A2.53. Chi-squared and Fisher’s exact tests comparing stress indicators in juvenile
phenetically-inferred migrants to non-migrants, Rio Abajo.
Rio Abajo

Nonmigrant
(count)

Absent 1
Present 1
Total 2
Absent 1
Present 1
Total 2
Absent 1
Present 1
Total 2
Absent 0
Present 1
Total 1
Absent 1
Present 0
Total 1

Phenetic
migrant
(count)

Total

χ2/χ2 pvalue

Fisher’s
Exact/ Onesided
Fisher’s
exact

Porotic Hyperostosis
1
0.75/0.39 1.0/0.7
2
3
Cribra Orbitalia
0
1
0
1
0
2
Infection
1
2
0.75/0.39 1.0/0.7
0
1
1
3
Linear Enamel Hypoplasia
0
0
1
2
1
2
Trauma Indicative of Interpersonal Violence
1
2
0
0
1
2
0
1
1
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Table A2.54. Odds-Ratios comparing stress indicators in juvenile phenetically-inferred
migrants to non-migrants, all regions.
Region

OR

Robust
95% Confidence
Standard
Interval
Error
Juvenile Phenetically-Inferred Migrant Status: PH
Middle Rio Grande
1.2
0.06
11.9
Northern Rio Grande 0.9
1.7
0.04
26.2
Mogollon 1
4.9
0.21
57.5
Totah 3.5
Rio Abajo
Juvenile Phenetically-Inferred Migrant Status: CO
Middle Rio Grande
0.5
0.0
5.6
Northern Rio Grande 0.4
Mogollon
4.3
0.18
50.5
Totah 3
Rio Abajo
Juvenile Phenetically-Inferred Migrant Status: Infection
Middle Rio Grande
16.8
0.77
188
Northern Rio Grande 12
Mogollon
Totah
Rio Abajo
Juvenile Phenetically-Inferred Migrant Status: LEH
Middle Rio Grande
1.9
0.05
27.7
Northern Rio Grande 1.2
Mogollon
Totah
Rio Abajo

pvalue

0.9
1.0
0.38

0.5
0.45

0.07

n

22
10
14
9
58
19
13
2
85
24
7
2

0.9

13
10
7

Juvenile Phenetically-Inferred Migrant Status: Trauma Indicative of Interpersonal
Violence
Middle Rio Grande
22
Northern Rio Grande
Mogollon
Totah
Rio Abajo
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Appendix 3
Appendix 3 provides a brief description of archival information available for this
study. Burial information was difficult to obtain for each individual in this study. Due to
the use of legacy museum collections, documentation standards were not necessarily
what they are today when these sites were excavated or when they arrived in the
laboratory. Additionally, even when documentation was relatively “good” (such as at
Kuaua, excavated in the 1930s), burial numbers assigned to skeletons and the burial
numbers recorded in paperwork from the original excavations do not always match. In
the case of Kuaua and Sapawe, collections housed at the Maxwell Museum, there was a
flood in the 1970s that destroyed some burial documentation and also destroyed some
burial numbers. This information is not retrievable. Additionally, in the case of Kuaua, I
had access to all field notes, but their quality varied depending on which fieldworker
made the notes (see Figure A3.1 and A3.2).
In contrast to these sites, several sites (Chamisal, Gallinas Springs, La Plata
Highway, Pottery Mound and Tijeras) have relatively good documentation. Burial
information for almost every individual at these sites was available. However, some
individuals do not have information available about mortuary context, either due to
disturbance by backhoe (as is the case for some individuals from La Plata Highway sites)
or due to other disturbance. For example, an individual buried at Gallinas Springs was
disarticulated and parts of their skeleton scattered about the room they were interred in.
This dissertation used archival information to supplement some findings;
however, it is not an archival dissertation. A future researcher could create a database and
potentially locate additional files and information that I was unable to locate; perhaps
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gaining more information about each burial housed in the Maxwell Museum. This task
was not something I would have been able to accomplish given time constraints. That
being said, I have some contextual information for over 100 individuals in this sample;
additionally, publications exist that document “typical” burial positions and mortuary
treatment in this part of the Southwest U.S. Given all of this information, I was able to
discern when burials did not fit the pattern. Most individuals were buried in flexed
positions; extended positions are observed, but more rarely. Atypical burial positions are
those where the individual is lying face down or their limbs are sprawled out or askew.

237

Figure A3.1. Example of burial notes from Kuaua (these are notes for Bk 60/79).
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Figure A3.2. Example of burial notes from Kuaua (these are notes from an unknown
burial number; in part due to a lack of date of removal); and Bk 60/23’s notes do not
match this individual’s (brief) information.
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